United States Patent |9

Bazer et al.

US005942223A
(11] Patent Number:

5,942,223

(45] Date of Patent: Aug. 24, 1999

[54] ANTIVIRAL THERAPY USING OVINE OR
BOVINE INTERFERON-TAU

|75] Inventors: Fuller Warren Bazer, College Station,
Tex.; Howard Marcellus Johnson,
Gainesville, Fla.; Carol Hanlon
Pontzer, Silver Spring, Md.; Troy Lee
Ott, Bryan, Tex.; Gino Van Heeke,

Witterswil, Switzerland

73] Assignee: University of Florida, Gainesville, Fla.

[21] Appl. No.: 08/455,524
[22] Filed: May 31, 1995

Related U.S. Application Data

|63] Continuation of application No. 08/438,753, May 10, 1995,
Pat. No. 5,705,363, which 1s a continuation-in-part of appli-
cation No. 08/139.,891, Oct. 19, 1993, abandoned, which 1is
a continuation-in-part of application No. 07/847,741, Mar. 9,
1992, abandoned, which 1s a continuation-in-part ot appli-
cation No. 07/318,050, Mar. 2, 1989, abandoned, said appli-

cation No. 08/139,891, is a continuation-in-part of applica-
tion No. 07/969.890, Oct. 30, 1992, abandoned.

[51] Int. CL® ..., A61K 38/21; C12N 15/20;
CO7K 14/555
52] US.Clo, 424/85.4; 435/69.51
58] Field of Search ................................. 424/85.4, 85.7;
435/69.51

[56] References Cited

U.S. PATENT DOCUMENTS

3/1991 Hansen et al. .
5/1991 CUMMINS .onierrreereeeerneeearnseensnss 424/85.4

4,997,646
5,019,382

FOREIGN PATENT DOCUMENTS

0 367 063 5/1990 FEuropean Pat. Off. .
WO 90/09806  9/1990 WIPO .
WO 93/12146 12/1992 WIPO .
WO 94/10113  5/1994 WIPO .

OTHER PUBLICAITONS

Imakawa, K., et al. (1987) J. Cell Biol. 105(4, part 2) : 11A,
abst. No. 49.

Charpigny, G., et al. (1988) FEBS Leit. 228: 12—-16.

Bazer, EW., and Johnson, H.M., “Type I Conceptus Inter-
ferons: Maternal Recognition of Pregnancy Signal and
Potential Therapeutic Agents”, American J. of Reproductive

Immun. 26:19-22 (1991).

Bazer, F.W,, et al., “Roles of Ovine Trophoblast Protein—1
and Oestradiol/ Prolactin 1n the Establishment of Pregnancy

in Sheep and Pigs”, Reprod. Fertil. Dev. 4:335-340 (1992).

Farin, C.E., et al., “Expression of Trophoblastic Interferon
Genes 1 Sheep and Cattle”, Biol of Reprod. 43:210-218

(1990).

Hansen, T.R., et al., “Complex Binding of the Embryonic
Interferon, Ovine Trophoblast Protein—1, to Endometrial
Receptors™, J. Interferon Res. 9:215-225 (1989).

Hansen, T.R., et al., “The Genes for the Trophoblast Inter-
ferons and the Related Interferon—o.,, Posses Distinct 5'—Pro-

moter and 3'-Flanking Sequence”, J. Biol Chem.
266(5):3060-3067 (1991).

Imakawa, K., et al., “Interferon—like sequence of ovine
trophoblast protein secreted by embryonic trophectoderm”,

Nature 330:377-379 (1987).

Imakawa, K., et al.,“Molecular Cloning and Characteriza-
fion of Complementary Deoxyribonucleic Acids Corre-
sponding to Bovine Trophoblast Protein 1: A Comparison
with  Ovine Trophoblast Protein—-1 and Bovine

Interferon—c,,”, Mol. Endocrin. 3(1):127-139 (1989).

Leaman, D.W,, et al., “Genes for the Trophoblast Interferons
and their Distribution among Mammals”, Reprod. Fertil.

Dev. 4:349-353 (1992).

Leaman, D.W., and Roberts, R.M., “Genes for the Tropho-
blast Interferons 1in Sheep, Goat, and Musk Ox and Distri-

bution of Related Genes Among Mammals”, J. Interferon
Res. 12:1-11 (1992).

Newton, G.R., et al., “Inhibition of Lymphocyte Prolifera-
tion by Ovine Trophoblast Protein—1 and a High Molecular

Weight Glycoprotein Produced by the Peri—Implantation
Sheep Conceptus”, Am. J. Reprod. Immunol. 19:99-107

(1989).

Ott, T.L., et al., “Cloning and Expression 1n Saccharomyces
cerevisiae ol a Synthetic Gene for the Type—I Trophoblast

Interferon Ovine Trophoblast Protein—1: Purification and
Antiviral Activity”, J. Interferon Res. 11:357-364 (1991).

Pontzer, C.H., et al., “Antiviral Activity of the Pregnancy

Recognition Hormone Ovine Trophoblast Protein—17, Bio-
chem. and Biophys. Res. Commun. 152(2):801-807 (1988).

Pontzer, C.H., et al., “Localization of an antiviral site on the

pregnancy recognition hormone, ovine trophoblast pro-
tein—1", Proc. Natl. Acad. Sci. USA 87:5945-5949 (1990).

Pontzer, C.H., et al., “Antiproliferative Activity of a Preg-

nancy Recognition Hormone, Ovine Trophoblast Pro-
tein—17, Cancer Res. 51:5304-5307 (1991).

Roberts, R.M., et al., “Interferons at the placenta interface”,
J. Reprod. Fert., Suppl. 41:63-74 (1990).

Roberts, R.M., et al., “Unique Features of the Trophoblast
Interferons”, Pharmac. Ther. 51:329-345 (1991a).

Roberts, R.M., et al., “The polypeptides and genes for ovine
and bovine trophoblast protein—17, J. Reprod. Fert., Suppl.
43:3-12 (1991b).

Roberts, R.M., et al., “Interferons as Hormones of Preg-
nancy’, Endocrine Rev. 13(3):432—-452 (1992).

Tuo, W,, et al., “Natural Killer Cell Activity of Lymphocytes
Exposed to Ovine, Type I, Trophoblast Interferon™, AJRI
29:26-34 (1993).

(List continued on next page.)

Primary Examiner—David L. Fitzgerald
Attorney, Agent, or Firm—Charles K. Scholtz; Joanne R.
Petithory; Dehlinger & Associates

57] ABSTRACT

The invention provides antiviral therapeutic methods
employing bovine or ovine interferon-tau (IFN-t) proteins
and polypeptides. The IFN-t proteins exhibit the antiviral
and antiproliferative properties characteristic of type I inter-
ferons. An advantage of the invention i1s that IFN-t has
essentially no cytotoxic effects on treated cells as does, for
example, IFN-q.

8 Claims, 21 Drawing Sheets



5,942,223
Page 2

OTHER PUBLICAITTONS

Vallet, J.L., et al., “The Effect of Ovine Trophoblast Pro-
tein—One on Endometrial Protein Secretion and Cyclic
Nucleotides™, Biol. Reprod. 37:1307-1316 (1987).

Vallet, J.L., et al., “Effect of ovine conceptus secretory
protems and purified ovine trophoblast protein—1 on inte-

roestrous interval and plasma concentrations of prostaglan-
dins F—2¢. and E and 13,14—dihydro—15—keto—prostaglandin
F—2a in cyclic ewes”, J. Reprod. Fert. 84:493-504 (1988).

Whaley, A.E., et al., “Molecular Cloning of Unique Inter-

ferons from Human Placenta,” 1n Society of Reprodiiciion,
24th Annual Meeting, p. 186 (1991).

Yong, K., et al., “Insulin—Like Growth Factors in Sheep
Uterine Fluids: Concentrations and Relationship to Ovine

Trophoblast Protein—1 Production during Early Pregnancy”,
Biol. Reprod. 45:135-142 (1991).



5,942,223

Sheet 1 of 21

Aug. 24, 1999

1T
IT
6
6
6
87 9
LT 9
LT G
08 69 8G o ¥4 Al G
31 69 LG LY 9¢ GZ -
| . o] ] | | . | | . -1 1
LIOYILYD99ILOIYOIYOLLLIYYYILILLIDLOOYODOLOOYOIOVILIOVOLLLLODDOYIYIIDLYOIVODDILODLYIIOVIVYL
08 YY9OIYIODIVOOILIOOLIOVYYYLLLYYYYOYODILDODOVODLIODILYOLIOYYYYOIDILOLIDYLIDIIIDOYIOVILODLOLY
| | | | | | | | | | N
I JUTH II eAY 1 ©'IqQ I ©eAyY I NBIS I NIN 81.,LdsY
I 1D I 96NES I 9SK I ebH I Nasg III @eH I uegd
I (LEo'd I udy
I OUX AT BTN
I beg I ©esy
I Nasg
II ¥ood
I J4I0S
I °9¥H
I NS
IeSUTT  DOYIOOYYIONID ™ OYIIOVIDOHIOLY 'dq Q%S aouanbss ¥NQ

dep uOT3DTIASIAY <- FOIS " T-dLOLEANW

YT °‘OTd

U.S. Patent



5,942,223

Sheet 2 of 21

Aug. 24, 1999

U.S. Patent

8¢ ¢ 8L 1
Lel 861 LLT
9t ¢ 861 LLT
9t ¢ 901 LL1T
9t ¢ Gol SL1T ILL
ctC Gol 181 OLT

.| 1 |- . . - . K N
HDDDOVYOYYIOLIIOYOLOLYOVYIOVIILLOVYYOVILODLOOVYDIOVYLILLOVLYOYDLYDODOIIOVYIYYOIOLLIODLOLLLLL
0FZ DD992IIDIIVIOVYOLOYIOYLOLILOLIDOYYOLLLOLOVYIOVOOLODOLYYYILY LOLOVYLODODOLLLOOYYOOVOVYYYY
] | ] 1 |

IT OQK I aQdg I esd III QUTH
I seqd I Hynudg 1T edH I NIV
T beqd I 3Ssd 1 uog
II TP9 1 Adg I TON
IIT °2eH I Hpnud I JI08
I Hynud I dSK
86
86
671 PTT L6
87T 11T 36 L8
8V T 621 T17T 36 18

. - || . - | . | . SN S |
HOVOLLODLIYIDLIOVYIIYIILIDIDIODIYOYIIDOVYILIILIIDDDLILLODTOOIVYDILDLIODIVYIVIVY.LOOY

09T D9IOVYIIYIIOOVYOLILIDIYYYIOYIODIDDILOIODDLLIOVIVYYODDDVYOVYIDLIDDLODYOVIDOOLOLILLYIOL
| | | . 1 | |

IT d3sd I Hynud [T edH II dOSN 1 beyl
I ydH I dsK II nAg I ywusgq
III SeR T uwy I NIY
I Add
I Hynug
&
dT °“DbTJd




5,942,223

Sheet 3 of 21

Aug. 24, 1999

U.S. Patent

gLt
Sl
8LE
81t
91¢
|83
G1t
G1t
cle
clLe
I

199)IYIO9IYYOLOLIDYOYLODLIDOVIOLLIODIOLLODYIYIOVOLOOVYOYDLILOLLOLYDVYITYILYOLOLOOOTYEDO
0Z€ ¥OO99I19009LIIOYIYOOLILYIIYIDLIVYIOVIVIIDLILDDLOYIOLILOVYOVYYIYLOLLOLOVLOYIYIIDLLOD

N

I esd IT ea¥y T NMTVY I Tedvy
I 088 I Isd I 98711dsd
I Ted I 96NES I YTIDLH
T 9F4H T I5Y
1 ©PH
III o®¥YH
I N3sd
II ¥ood
I W13d
I JIOS
@
DT °*DOTd

AI ®BIN
I MTY
T udg
I OdW
I ¥YgEnes
I OdW
I YENes
7.2
b6 g 0LZ
16¢ 0LZ
b6 ¢ 982 0.2

1 | . | |

64
8G ¢

$G¢
AR
| ]

I d¥d
11 OdN
I vdX
I PR

. |
LOOLOOYOILYDL
[DOYODI00VY.LOY

|
I NASd

I 354

R
BZE
|«
MROL-01010) AN -4 010
OLOH99IVIIOO
I
I ydH
Lo

I =21d



5,942,223

Sheet 4 of 21

Aug. 24, 1999

U.S. Patent

N | - | | .| I F 1] . | - . | . |
DOYIVYIVOLIYOODDDIDOV IOV LILILIOYYIOIDLYIIVLLIDOIVYYDDDIVILIOVOYOLYYIOLLLLLOOLDIYIDLYIL
087 92I9IL9LIYIOLID099909I¥DILYEYYOLLIIDIVIIDLYYYDOILILODDDDILIVYILILOVLLIODVYVYYYIIIYIDLOOVYLOY

| | | | | Ny | | |

T TLI4Y3L I NeJS T 1d% T eUH III BN T WAsg
T OOV T edy I esy I duTH I 2asd
II DUTH 11 ueg III T13Y
I TeSs I 9821dsd I DTN
1 beg I 60T00Dd I Nasd
AI BTN
I 96NBS
III ©®H
I 96NES
€9¢
£9¢
BGE
3G €
3G €
8GE
[.GE
LGE LEE
L8E LGE 2R3
L8E LOE LGE FEE
[.8€ 08¢ 29¢ 0S¢ 1€€
L8E 7 LE £€9¢ PGE GFE LEE A3

. - | | - B . | | S
DHLYOYIYIIDLOOYYYIVLILLLIYYIYOLYYOOYIOOOVLIIVLOLLYDOIOYOLLOVOVOLOLLOLLOYIDIOWYLYYID
00F SOYIDIVIOOOVIILLIVIVYVYYYYIIOLIVILODIYIDDLYOILYOVYLODOLOVYOLOLOVYOVYIOVYILIODILYLLIOOD
| | | | | | N | | I

I N23sdg I 9SK I udg TIII ®©IN I Isd I JUTH I YdH
IT J009 I dsg I nad IIT °eR IT OdW
I JIOS III 2R I MTVY II AQ9
I 088 I Hueg IT OQW
I X3s9d I =91d
&
dr °“bTd



5,942,223

Sheet 5 of 21

Aug. 24, 1999

U.S. Patent

8LV
LLY
LLV
LLV

LLY

075

SR

S97
TA°A%
797
VoV
8°A%
VoV
7oV

9¢S
SES
RIS S1S
SES CCSh 1S
GES 71l

667
867
867

OHDLYIILLYODOVOVVLILOYODOLOYOOYOIOIOY LLLLYDLLVY DOOLLLLLDOVOVOLY DL

DOVILOOYYILOODLOLLYYDLOOVOLOOLODDLYY YV LOVY LLDDOVYYY YOO LOLOVLOY

| , |

8T .,.dsY IT d3sd
T ued T 9054 I YdH
T udy IITI 2©N
ATl ©IN
T esy
YA
LYY
LYY
A7 TETD
X% TATAT TED

11 OUlLH

T edH
T ©SK

617

9007

70V



5,942,223

Sheet 6 of 21

Aug. 24, 1999

U.S. Patent

Ludy

T1

LIES

01

lisd

lHWeg

Lied
(18

11SS

leqX

9

lied

S
L IPUIH

Luwy
Luwy

v
rudy

LEI|D

LE1D

£

Ludy

4

Loyx

LN}S

H
Lud)



OILEFNC
hulFNtl

~8

Lyr
TAT
TAC

12
arg
AGG
AGG

31

gln
CAG
CAG

50

lys
AAG
GAG
glu

69

TAC
CAC
his

88
gly

107
glu
GAA
GAA

126

gly
GGC

GGC ATC

145

gly
GGC

GGC

glu
GAG

lys

asp
GAC

asp
GAC

GCC
ala

thr
ACA
ACA

leu
CTC
CTC

asp
GAC
GAC

1le
ATC

U.S. Patent

Pro
CCA
CCA

asSrl

AAC

arg
AGA
AGA

gln
CAG
CAG

glu
GAG
GAG

gln
CAA

CAT
his

ser
TCT
TCT

TAT
CAT

CCCcC
CcCCC

gly
GGA

GGA

leu
CTC
CTC

lys

ala

GCC

his
CAC
CAC

gln
CAG
CAG

glu
GAA

ala

asp
GAC
GTC

-23
met
ATG
ATG

gly
GGA

lys
AAG

AGG
arg

asp
GAC
GAC

rhe

ATC
ile

ser
TCC
TCC

gln
CAG
CAG

leu
CTG
CTG

TAC
TAC

ala
GCC
GCC

SEer

TCC

leu
CTC
CTC

phe
TTT
TTC

pro
CCT
TCT

ser

Ser

TCT

leu
CTG
CTG

gly
GGT

leu
CTG
(TS

phe

leu
CTG
CTG

leu
CTG
CTG

gly
GGT
GCT

ala

val
GTG
GTG

ala

GCT

asp
GAC
GAC

asn
AAC
AGG

arg

val
GTG
GTG

gly
GGT
GGT

asp
GAC
GAC

leu
CTT
TTA

leu
CTC
CTC

aia
GCC

his
CAC
AAC
asrn

met
ATG
ACG

thr

glu
GAG
GAG

Aug. 24, 1999

leu
CTC
CTC

+1
CYS
TGT

arg
CGA

GAA
glu

PYO
CCC
CCC

tvr
TAC

CAT
his

TGG

leu
CTG
CTG

ASD
GAC

gly

lys
ANG
AAG

Sheet 7 of 21

ser leu leu

TCT
TCT

Cyxr
TAC
GAC
asp

met
ATG
ATG

gln
CAG
CAG

glu
GAG
GAG

asp
GAC

asp
GAC
GAT

pro
CCC
CCC

CTA
CTA

leu
CTA
CTG

asn
AALC
AGG
arg

glu
GAG
GAA

met
ATG
ATG

thr
ACC
ACC

thr
ACC
GCC
ala

ile
ATT
ACC

CTG
CTC

Sel
TCT
TCT

arg
AGA
AGA

met:
AT
ATG

leu
CTC
CTC

thr
ACC
ACC

CySs
TGC

val
GTG
CTG

met
ATG
ATG

arg
CGG
CAG
gln

leu
CTC
CTC

val
GTG
GTG

gln
CAG
CAG

leu
CTC
CTC

arg
AGG
CTG

leu

thr
ACC

GCT

ala
GCC
GCC

lys

ALC
asn

ser
TCC
TCC

glu
GAG
GAG

gln
CAG
CAG

leu
CTG
CTG

gly
GGT

val
GG
CTG

leu
CTG
CTG

leu
CTC
CAC
his

pro
CCT
CCT

gly

Sexr
AGC
AGC

glu
GAG
GAG

gln
CAA
CAG

lys
ARG
AAG

val
GTG
GTG

met
ATG

GTG
val

his
CAT

CGC
arg

arg
GAC

gly

phe

gln
CAG
CAG

val
GTG
GTG

leu
CTG
CTG

leu
CTG

CTG

Sexr

gln
CAG
CAG

asn
AAC
AAC

leu
CTC
CTC

met
ATG
ATG

val
GTC
GTC

asp
GAT
GTT

val

CVYS
TGT
TGT

leu
CTC
CTC

leu
CTC
CTC

Cys

CGC
arg

gly

GGA

lys tvyr phe
AAG TAC TTC CAG

AGG

thr

leu

ala

gly tyr ser asp
GGA TAC AGC GAC

his

arg val glu
AGA GTC GAG

AGA CTG GAA ATC

164

leu

val

met
ATG

melt
ATG
ATG

arg
AGA
AGA

ala

TCC

leu
CTC
TTC

thry
ACT

len

CYS

arg

TAC

ala trp glu 1le
TGC GCC TGG GAA ATC

GGA TAC AGL GAC TGC GOC TGG GAA ACC

5,942,223

-9
ser
AGC
AGC

11
ala
GCC
GGC

gly

30
leu

CTG

49
gln
CAG
CAG

68
phe

TTC

87
thr
ACT
ACT

106
glu
GAG
GAG

125
gln

CAG

144

val
GTC

GTC

thr

val ser thr thr leu gln lys arg leu

GTA TCA ACC ACC TTG CAA AAA AGG TTA
TCA TTA ATC AGC TIG CAA GAA AGH TTA

1ile

lyvs met gly gly
AAG ATG GGT
ATG ATG GAT

GGA
GGA

asp
GAT
GAC

len
CTG
CTG

ser

aSIl

AGC

phe

ser
TCA

1CA

Sel

172
pYo
CCT
CCT

ser leu ile ser

end
TGA

TGA

meft

asp

Sel

Fig.

3

glu

163
thr
ACA

AGA

arqg



U.S. Patent

% Growth Reduction

% Viability
N
-

i
-

"
(-
-

80

60

40

20

120

100

Qo
-

N
Q

-

Aug. 24, 1999

N

N

]

Sheet 8 of 21

5,942,223

OvIFN-tau
/| IFN-alpha

HL-60 Cells

/
1000 10000
Units/mi
Fig.
[ ] OvIFN-tau
V. /] IFN-alpha
HL-60 Cells

A

100
Units/ml

Fig.

H |
l 10

00

S

/

A

7

10000

AN



5,942,223

Sheet 9 of 21

Aug. 24, 1999

U.S. Patent

jw J1ad N4| Jo suun boT
Z

9 G b >
m o1
® .muﬂ / ‘ L
Lo g
ne}-N41A0 [

ejle-Ndi [}

o
N
U

o

-
Lo

VﬁCI

=
<t
d

000} X NdD

-
w
1EN W

o B
€ M=

9 °bTa
xapu] ai1yiedoipAH.,

E g18e | (0L:ON al ©3s) (ZZ1-621)IN4I
EE (6:ON al ©3s) (0SL-61L)INAI

WMALAIJGWNDTISAIIDONADDHILATHATODD EE (8:ON dl ©3S) (2Z1-06)INAI

DOOTIOLITI0ITILLAMYVYSSHILAIINISOD EE (2:ON al ©3s) (z6-z9)IN4I
SOOTNIAIADAVOAIDTIOADIANIDI 1D40 EE (9:0N al ©3s) (F9-ve) N4l

0 4ANHADTISHASTHNWNHATININIHVATAINYTISAD E sovy | (S:ON al ©3s) (Ze-1)INA

dSNTAODONWALTUMNDTLLISALTIVHANNIAHAITIMVYO
dANIAHAIIMVYOASAONTOTAQAIDOIANNAL




1

U.S. Patent

Aug. 24, 1999

Sheet 10 of 21

5,942,223

80

CTCAGATGGGATCAGAGAACCTACCTGAAGGTTCCCCCTGACCCCATCTCAGCCAGCCCAGCAGCAGCCGCATCTTCCCC

Bl
ATG
S1
Met
141
TCT
c21
Ser
201
CTG
18
Leu
261
CTT
318
Leu
321
TAC
58
TYI
381
GAC
78
AsSp

441
ACC
98
Thr
501
GTG
118
Val
561
GAC
138
ASD
021
TTG
158
Leu

GCC
Ala
CTG
Leu
GAC
ASD
CCC
Pro

GAG

Glu

ACC

Thr

TGC

ACC
Thr
TGC
Cys
CAA

Gln

TTC GTC CTC

Phe

GGT

ATG
Met
ACC

Thr

AGG
Arg
GTG
Val
GCC
Ala
AAA

Lys

Val

TGT

1

Cys
ATG
Met

GAG

Glu

CTC

Leu

CTC

Leu

GGT

Gly

Lys
TGG
Trp
AGG

AYg

Leu
TAC
TYTr
AAC
Asn
ATG
Met

CAG
Gln
CTG

Leu

CAA

Gln

LYS
GAA
Glu

TTA

Leu

TCT
Ser

CTA

Leu
AGA
Arg
GTG
Val
CAG
Gln
GAG

Glu

GTG
Val
TAC
Tyr
ATC
Ile
ACA

Thr

CTA
Leu

TCT

Ser

CTC

Leu
GAG
Glu
AGC
Ser
CAG

Gln

ATG
Met
TTC
Phe
GTC
Val
AAG

Lys

CTG

Leu

CGG

Arg
TCC

Ser
GGC
Gly
TTC
Phe
CTC

Leu

GGA
Gly
CAG
Gln
AGA
Arg
ATG

Met

ATG GCC CTG GTG CTG GTC AGC

Met

Pro
GAC
Asp
AAC
Asn
TGC

Cys

GAG
Glu
GGC
Gly
GTC
val

GGT

Gly

Ala

CTC

Laeu
CAT
His
CAG
Gln
CTC
Leu
ACT

Thr

GAA
Glu
ATC
Ile
GAG
Glu

GGA

Gly

Leu

ATG

Met
TCC
Serx
CcTC
Leu
TTC
Phe
GGA

Gly

GAC
Asp
TAT
Tyr
ATG
Met
GAT

Asp

val
CTG
Leu
TGT
Cys
CAG
Gln
TAC
TYXr
CTC

Leu

TCT
Ser

GAC

Leu

GAT
Asp
CTG

Leu

AAG
Lys
ACA

Thr

CAA

Gln

GAA
Glu

TAC

Asp Tyrx

ATG
Met

CTG

AGA
Arg

AARC

Leu Asn

val

GCC

Ala

3
CAG

Gin
GAC
Asp
GAG
Glu
CAG

Gln

CTG
Leu
CTG
Leu
GCC
Ala
TCA

sSer

Ser

AGG

Arg
GAC
ASD
CAG
Gln
CAC
His
CAG

Gln

GGT
Gly
CAA
Gln
CTC

Leu

TAT
Tyr
GAG

Glu

AGA

GCC
Ala
TCC
Ser
CTG

Leu

AAC
Asn
GAG
Glu

ACT

Thr

666
CCT TGATGACTCTTGCCGACTA

172
Pro

Phe
TCT

Sex

GAC

AsSp

ATG

Met

val

CCA
Pro

CTC

Leu

GAC
Asp
cCT
Pro
GCT
Ala
CAC

His

GAC
Asp
GGA
Gly
TCA

Ser

GGA

TTT

Phe
GTG
val
GCC
Ala
CTG

Leu

CCC
Pro
TAC
Tyr
ACC

Thry

140
GGA
520
Gly

200
CTC

17
Leu
260
GGT
37
Gly
320
CTC
57
Leu
380
TGG
77
Trp
440
GAC
Q7
ASD

500
ATT
117
Ile

5640
AGC
137
Ser

620
ACC
157
Thr

764

AGATGCCACATCAGCCTCCTACACCCGCCTGTGTTCATTTCAGAAGACTCTGATTTCTGCTCCAGCCACCAAATTCATTG

844

AATTACTTTAGCTGATACTTTGTCAGTAGTAAAAAGCAAGTAGATATAAAAGTATTCAGCTGTAGGGGCATGAGTCCTGA

924

AATGATGCCTTCCCTGATGTTATCTGTTGCTGATTTATTTATACCTTCTAGCATTTAACATACTTAAAATATTAGGAAAT

972
TTCTTAAGTTACATTTACATCTGTACATCATATTAAAATTTCTAAAACAARRAAAAAA

Fig. 7



U.S. Patent

Cell number x 100,000

°% Growth Reduction

60

50

40

30

20

Aug. 24, 1999 Sheet 11 of 21 5,942,223
[ ] OvIFN-tau

1 IFN-alpha

HUT 78 Cells

[ ] OvIFN-tau
Fig. 10 7] IFN-alpha

70

H-9 Cells

/
2l 1P

100 1000 10000
Units/ml



U.S. Patent Aug. 24, 1999 Sheet 12 of 21 5,942,223

[ ] Control
7”1 OvIFN-tau

*(1-37)
[N *(139-172)

S 500

Q FIV-infected FET-1 Cells

—

o 400

=

o 300

O

> 200

e

2z

-5' 100 I

©

P_ 0 ——rrf ", — g

o 3 6 11
Days

[ ] Control
7] OvIFN-tau

*(1-37)
N *(139-172)

Ol
-

o
-

8
-

N
-

10

RT activity: CPM x 1,000




U.S. Patent Aug. 24, 1999 Sheet 13 of 21 5,942,223

Fig. 12
100
1 oVIFN~7 70
]
: |
O PRk
= 60 g
O i
- |
S a0 5 a3k
N 74 4 £
20 : BB
) ongl Al BN
1-37 34-64 62-92 90-122 119-150 139-172
Peptides
Fig. 13
100 "-...__ s A e
S 80
-
o
@ 60
Q
or
g 40
-
o
O 2
o2
0
-5 -4 -3

log (Peptide Concentration)

---B-- olFNtau(1-37) —%— olFNtau(90-122)
—®— oIFNtau(34-64) ---4--- olFNtau(119-150)

--®-- olFNtau(62-92) — 31— oIFNtau(139-172)




U.S. Patent Aug. 24, 1999 Sheet 14 of 21 5,942,223

Fig. 14

h
Ny
Ny
™

100 ’

9
& 80 =2
- N
o O
® 60 N
Q “‘ \\
- A
S .
5 40 ®
-
O
‘-: 20
o2
| |
0
.5 -4 .3

log (Peptide Concentration)

---B-- olFNtau(1-37) —%— olFNtau(90-122)
—®— olFNtau(34-64) ---A--- o[FNtau(119-150)

--@--- olFNtau(62-92) —J— olFNtau(139-172)

100

80

60

40

20

% Control Response

95 -4 -3
log (Peptide Concentration)

Fig. 15




U.S. Patent

% Inhibition

80
70
60

20

40

30
20
10

Aug. 24, 1999

Sheet 15 of 21 5,942,223

olFNtau(1-37) —®— olFNtau(90-122)

—®— olIFNtau(34-64) ---A--- o|FNtau(119-150)

--......-

100

80

60

40

20

% Control Response

1-37

olFNtau(62-92) —— olIFNtau(139-172)

-4
log (Peptide Concentration)

Fig.

-3

16

34-64 62-92 90-122 119-150 139-172
OviNF-tau Peptides

Fig.

17



U.S. Patent Aug. 24, 1999 Sheet 16 of 21 5,942,223

gl O N &
C O O O

% Reduction of
Specific Binding

40
30
20
10
— B

1-37 34-64 62-92 90-122 119-150 139-172
Peptides

Fig. 18



OINFT
LEXY.5
TOSHI. 9

TOSHI .10

arg
AGG

31
gln
CAG

U.S. Patent

CCcCcC
cccC
CcC
cC

gly pro gly

GGC

glu
GAG

asp
GAC

HulFNt4
HUIFNt5S
HulFNto
HulFNt7/

50

CCA GGA

asn leu
AAC CTC

arg lys
AGA AAA

lys asp gln ala
AAG GAC CAG GCC

G G G 2 G) G2 Q)

69

SEONONONONONS

-23
Met
ATG

gly
GGA

lys
AAG

asp
GAC

$’§?%
{0

T
H a3

tyvr thr glu his ser
TAC ACA GAG CAC TCC

OO0 0nn

G) G

Aug. 24, 1999

ala
GCC

ser
TCT

1 O

leu
CTC

E?U
")
O O O (D

pro

phe

leu
CTG

leu
CTG

val
GTG

val
G'TG

-1

leu ser
CTC TCT

+1

gly cys tyr
GGT TGT TAC

asp
GAC

leu
CTC

40
pro gln
CCC CAG

TAG

ek | ] [ [ ]

tvr glu
TAC GAG

c T

0000

Sheet 17 of 21

leu
CTA

leu
CTA

0 QQ

AST1

2885

glu

b

60
met

ATG

leu
CTG

ser
TCT

arg
AGA

met
ATG

met
ATG

arg
CGG

leu
C'TC

val
G'TG

ala leu
GCC CTG

lys leu
AAA CTC

oNONe
o

ser pro
TCC CCT

glu gly
GAG GGC

(T ¢t T

leu gln gln ser
CTC CAG CAG AGC

80

val
GTG

asp
GAC

G G) G) G G) G2 Q2

A

5,942,223

leu
CTG

leu
CTG

ser
TCC

gln
CAG

val
GTC

asp
GAT

cys
TGT

leu
CTC

ser
AGC

11
ala

GCC

30

leu
CTG

49
gln
CAG

68

phe asn leu phe
TTC AAC CTC TTC

87

ser ala ala try asp thr thr leu leu glu gln leu cys thr
TCT GCT GCC TGG GAC ACC ACC CTC CIG GAG CAG CTC TGC ACT

QOO0 0o



U.S. Patent Aug. 24, 1999 Sheet 18 of 21 5,942,223

88 90 100 106
gly leu gln gln gln leu asp his leu asp thr cys arg gly gln val met gly glu
GGA CTC CAA CAG CAG CTG GAC CAC CTG GAC ACC TGC AGG GGT CAA GTG ATG GGA GAG
CT
CT
CT
CT
CT
CT

t CT

e e B e B B B
(T ¢ 7 (1T (T
G G G) G2 G ¥
(T ¢ T T (T
G} G2 G2 G2 Q) G )
©QQ QYL
QQ Q0 Eae Qo
QOO0

T

(T

107 110 120 125
glu asp ser glu leu gly asn met asp pro 1 thr val lys lys tyr phe gln

|..J
l_l.
I
<
Y
'_I

GAA GAC TCT GAA (CTG GGT AAC ATG GAC CCC ATT GIG ACC GTG AAG AAG TAC TTC CAG
CC a GG C G CC C G T C G
CC a GG C G CC C G T C G
CC a GA C G cC C G A G t
CC a GG C G CcC C G A C C
CC a GG C G CcC C G A C t
CC a GG C G CC C G GC
CC a GG C G cC C G GC
126 130 140 144

gly 1le tyr asp tyr leu gln glu lys gly tyr ser asp cys ala trp glu ile val
GGC ATC TAT GAC TAC CTG CAA GAG AAG GGA TAC AGC GAC TGC GCC TGG GAA ATC GTC

C T A C
C T A C
C T A C o t
C T A t t !
C T A o '
C AT ;
C T '
145 150 160 163

arg val glu met met arg ala leu thr val ser thr thr leu gln lys arg leu thr
AGA GTC GAG ATG ATG AGA GCC CTC ACT GTA TCA ACC ACC TTG CAA AAA AGG TTA ACA

C G a C T T T TC T T G G G
g a C T T T TC T T G G G
C G a C T t gT TC G C G
164 172

lvs met gly gly asp leu asn ser pro
AAG ATG GGT GGA GAT CTG AAC TCA CCT TGA

T A C G
T A C (5
T A C (3

Fig. 19B




U.S. Patent

-23
Met ala phe val leu ser leu leu met ala leu val leu val ser

oTP-1
LEXY .5
TOSHI. O
TOSHI.1O0

-8
tyr gly pro gly gly

12

arg glu asn leu lys
lys arg
lys arg

ser gln arg

31
gln asp arg lys asp

21
35
15
18

Clone
Clone
Clone
Clone

50

lys asp gln ala phe

glu
glu
glu
glu
glu
glu
glu

69

tvr
his
his
his
his
his
his
his

ala
ala
ala
ala
ala

ala
ala

thr

lys

arg
arg

1le
1le
1le
1le
1le
1]le
1le

glu his ser

Aug. 24, 1999

Ser

leu

phe

Pro
ser
ser
ser
ser
Ser
ser
ser

leu

leu

gly
ala
ala

aia

val

-1

+1

gly cys tyr

arg

20

asp

(——--)asp

asp

asp arg met

gly gln

glu
gln

40

Sheet 19 of 21

leu ser arg

gln
gln
gln

asn arg leu

arg
arg
arg

leu pro gln glu met val

phe

leu tyr glu met leu gln gln ser phe asn leu

L o — & —— o ——

his
his
his
his
his
his
his

lys

(Stop)

60

80

lys
asn
asn
asn

SeX

glu

leu
his
his
his

pPro

leu

gly

val

met
val

val
val

his
arqg
arg
arqg

ASpP
gly
gly
gly
gly
gly
gly
Ser

5,942,223

leu

ser
phe
phe
phe

gln

~9

ser ala ala try asp thr thr leu leu giu gln leu cvys

Fig. 20A

11
asp ala
val gly
val gly
val gly

30
cys leu

49
leu gln
rhe

08

phe

87

thr
arg
arg
arg
arg
arg
arg
leu



U.S. Patent

88
gly leu

107
glu asp

126
gly 1ile

145

arg val
leu

leu

164
lyvs met

met
met
met

90
gln
his
his
his
his
his
his
his

ser

his
his
his
his
his
his
his

glu

asp
asp

Aug. 24, 1999

gln gln leu asp his

110
glu leu gly asn
ala arg
ala arg
ala arg
ala arg
ala arg
ala arg
ala arg

130

asp tyr leu gln
val lys
val lys
val lys
val lys
val lvs

1le

val

150

met met arg ala
1le ser
1le ser
1le ser
gly gly asp leu asn
sey
ser
sex

asp

asn
asn
asp
asp
asp
asp
ASp

met
thr
thr
thr
thr
thr
thr
thr

glu

leu
phe
phe

Ser

Sheet 20 of 21

leu asp thr
ala
ala
ala
ala
ala
ala
ala
asp pro 1ile
gly thr
gly thr
gly thr
gly thr
gly thr
gly thr
gly thr
lvs gly tyxy

thr
SeYr
ser
ser

172
pPro

CYS

val
leu
leu
leu
leu
leu
leu
leu

Ser

val ser thr
sery leu 1le
cer leu 1le

Selr

Q wppp

100
arg
leu
leu
leu
leu
leu
leu
leu

thr
ala
ala
ala
ala
ala
ala
ala

asp

thr
ser
ser
ser

5,942,223

106

gly gln val met gly glu

120
val
leu
leu
met
met
met

cys ala

leu gln

140

his

leu

lvys
arg
arg
arg
thr
thr
ser
ser

Lrp

160
lvs
glu
glu

thr
thr
thr
thr
thr

125

tvr phe gln

glu

arg

144
1le val
thr
thr

163
leu thr
arg
arqg
arg



U.S. Patent Aug. 24, 1999 Sheet 21 of 21 5,942,223

100 I"PA\.

© 80
= 'y
= ..
O
@,
=
L
5 60
~
—— [IFN-tau
—&— JFN-beta
4()
1000 10000 100000 1000000

IFN (U/ml)
Fig. 21



5,942,223

1

ANTIVIRAL THERAPY USING OVINE OR
BOVINE INTERFERON-TAU

This application 1s a continuation of patent application
Ser. No. 08/438,753, filed May 10, 1995, now U.S. Pat. No.
5,705,363, herein incorporated by reference, which i1s a
continuation-in-part of patent application Ser. No. 08/139,
891, filed Oct. 19, 1993, now abandoned, incorporated
herein by reference, which 1s a continuation-in-part of patent
application Ser. No. 07/847,741, filed Mar. 9, 1992, now
abandoned, which 1s a confinuation-in-part of application
Ser. No. 07/318,050, filed Mar. 2, 1989, now abandoned.
Application Ser. No. 08/139,891 1s also a continuation-in-
part of patent application Ser. No. 07/969,890, filed Oct. 30,
1992 and now abandoned.

This invention was made with government support under
National Institutes of Health grants HD 10436, HD 26006,

CA 38587, and CA 57084. Accordingly, the United States
government has certain rights in this mvention.

FIELD OF THE INVENTION

The present invention relates to interferon-t compositions
and methods of use.
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BACKGROUND OF THE INVENTION

Conceptus membranes, or trophectoderm, of various
mammals produce biochemical signals that allow for the
establishment and maintenance of pregnancy (Bazer, et al.,
1983). One such protein, ovine trophoblast protein-one
(0TP-1), was identified as a low molecular weight protein
secreted by sheep conceptuses between days 10 and 21 of
pregnancy (Wilson, et al., 1979; Bazer, et al., 1986). The
protein oTP-1 was shown to inhibit uterine secretion of
prostaglandin F,-alpha, which causes the corpus luteum on
the ovary to undergo physiological and endocrinological
demise in nonpregnant sheep (Bazer, et al., 1986).
Accordingly, oTP-1 has antiluteolytic biological activity.
The primary role of oTP-1 was assumed to be associated
with the establishment of pregnancy.
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oTP-1 was subsequently found to (i) exhibit limited
homology (50-70%) with interferon alphas (IFNa) of vari-
ous species (Imakawa, et al., 1987), and (11) bind to a Type
[ interferon receptor (Stewart, et al., 1987). Despite some
similarities with IFNa, oTP-1 has several features that
distinguish 1t from IFNa including the following: oTP-1’s

role in reproductive biochemistry (other interferons are not
known to have any role in the biochemical regulation of
reproductive cycles), oTP-1’s cellular source—trophoblast
cells (IFNo 1s derived from lymphocyte cells), oTP-1’s
size—172 amino acids (IFNa is typically about 166 amino
acids), and oTP-1 is weakly inducible by viruses (IFNa is
highly inducible by viruses). The International Interferon
Society recognizes oTP-1 as belonging to an entirely new
class of interferons which have been named interferon-tau

(IFNT). The Greek lettert stands for trophoblast.

The interferons have been classified mto two distinct
groups: type I interferons, including IFNa, IFN{3, and IFN®
(also known as IFNall); and type II interferons, represented
by IFNy (reviewed by DeMaeyer, et al.). In humans, it is
estimated that there are at least 17 IFNa non-allelic genes,
at least about 2 or 3 IFN{3 non-allelic genes, and a single
IENy gene.

IFNa’s have been shown to inhibit various types of
cellular proliferation. IFNa’s are especially useful against
hematologic malignancies such as hairy-cell leukemaia
(Quesada, et al., 1984). Further, these proteins have also
shown activity against multiple myeloma, chronic lympho-
cytic leukemia, low-grade lymphoma, Kaposi’s sarcoma,
chronic myelogenous leukemia, renal-cell carcinoma, uri-
nary bladder tumors and ovarian cancers (Bonnem, et al.,
1984; Oldham, 1985). The role of interferons and interferon
receptors 1n the pathogenesis of certain autoimmune and

inflammatory diseases has also been investigated (Benoit, et
al., 1993).

IFNa’s are also useful against various types of wviral
infections (Finter, et al., 1991). Alpha interferons have
shown activity against human papillomavirus infection,
Hepatitis B, and Hepatitis C infections (Finter, et al., 1991;
Kashima, et al., 1988; Dusheiko, et al., 1986; Davis, et al.,
1989).

Significantly, however, the usefulness of IFNo.’s has been
limited by their toxicity: use of mterferons 1n the treatment
of cancer and viral disease has resulted 1n serious side
ciiects, such as fever, chills, anorexia, weight loss, and
fatigue (Pontzer, et al., 1991; Oldham, 1985). These side
effects often require (1) the interferon dosage to be reduced
to levels that limit the effectiveness of treatment, or (i1) the
removal of the patient from treatment. Such toxicity has
reduced the usefulness of these potent antiviral and antipro-
liferative proteins in the treatment of debilitating human and
animal diseases.

SUMMARY OF THE INVENTION

In a first aspect, the present invention relates to compo-
sitions of and methods employing ovine interferon-t. The
invention includes an isolated nucleic acid molecule that
encodes an ovine interferon-t. One embodiment of this
nucleic acid molecule 1s a nucleic acid molecule having the
scquence presented as SEQ ID NO:1. In another
embodiment, the nucleic acid molecule encodes an ovine
interferon-t polypeptide having a sequence presented as
SEQ ID NO:2. The ovine interferon-t polypeptide may
include an amino-terminal extension, such as, a leader
sequence.

In another embodiment, the present invention includes an
expression vector having a nucleic acid containing an open
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reading frame (ORF) that encodes an ovine interferon-t,
including the nucleic acid and polypeptide sequences
described above. The vector further includes regulatory
sequences elfective to express the open reading frame 1n a
host cell. Further, the invention includes a method of recom-
binantly producing ovine interferon-t using the expression
vectors of the present mnvention. The expression vectors are
introduced 1nto suitable host cells. The host cells are then

cultured under conditions that result in the expression of the
ORF sequence.

In one embodiment, the present invention includes a
recombinantly produced ovine interferon-t protein.

Further, the mvention includes a method of inhibiting
tumor cell growth. In the method, the tumor cells are
contacted with ovine interferon-t at a concentration effective
to mhibit growth of the tumor cells. Target tumor cells
include, but are not limited to carcinoma cells, hematopoi-
etic cancer cells, leukemia cells, lymphoma cells and mela-
noma cells.

The 1nvention also mcludes a method of inhibiting viral
replication. In this method, cells imnfected with a virus are
contacted with ovine mnterferon-t at a concentration effective
to i1nhibit viral replication within said cells. Ovine
interferon-t may be used to inhibit the replication of both
RNA and DNA viruses. Exemplary RNA viruses include
feline leukemia virus, ovine progressive pneumonia virus,
ovine lentivirus, equine infectious anemia virus, bovine
immunodeficiency virus, visna-maedi virus, and caprine
arthritis encephalitis virus.

In a second aspect, the present invention relates to com-
positions of and methods employing human interferon-t’s.
In one embodiment, the nvention includes an 1solated
nucleic acid molecule that encodes a human interferon-t.
Several variants of human interferon-t (HulFNT) are dis-

closed herein, including HulFNtl, HulFNt2, HulFN<T3,
HulFNt4, HulFNt5, HulFNt6 and HulFNt7. The nucleic
acid molecules of the present invention 1include nucleic acid
molecules having the following sequences: SEQ ID NO:43,
SEQ ID NO:29, SEQ ID NO:25, SEQ ID NO:33, SEQ ID
NO:27, SEQ ID NO:21 and SEQ ID NO:23.

The nucleic acids of the present invention also include
nucleic acid molecules encoding the following polypeptide
sequences: SEQ ID NO:44, SEQ ID NO:30, SEQ ID NO:34,
SEQ ID NO:26, SEQ ID NO:28, SEQ ID NO:22, and SEQ
ID NO:24. The nucleic acids may further include sequences

encoding leader sequences for the human interferon-t which
they encode, for example, SEQ ID NO:41 or SEQ ID

NO:42.

The second aspect of the invention further includes an
expression vector having a nucleic acid sequence containing
an open reading frame that encodes a human interferon-t,
including the nucleic acid and polypeptide sequences
described above. The vector further includes regulatory
sequences elfective to express said open reading frame 1n a
host cell. The regulatory sequence may include sequences
usetul for targeting or secretion of the human IFNT polypep-
tide: such sequences may be endogenous (such as the
normally occurring human IFNT leader sequences, present,
for example, in SEQ ID NO:41) or heterologous (such as a
secretory signal recognized 1n yeast, mammalian cell, mnsect
cell, tissue culture or bacterial expression systems). In the
expression vector, regulatory sequences may also mclude, 5
to said nucleic acid sequence, a promoter region and an ATG
start codon in-frame with the human interferon-t coding
sequence, and 3' to said coding sequence, a translation
termination signal followed by a transcription termination
signal.
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In a further embodiment, the 1nvention includes a method
of recombinantly producing human interferon-t. In the
method, the expression vector, containing sequences encod-
ing a human interferon-t open reading frame (ORF), is
introduced 1nto suitable host cells, where the wvector 1s
designed to express the ORF 1n the host cells. The trans-
formed host cells are then cultured under conditions that
result in the expression of the ORF sequence. Numerous
vectors and their corresponding hosts are useful in the
practice of this method of the invention, including, lambda
ot1l phage vector and . coli cells. Other host cells include,
yeast, mammalian cell, insect cell, tissue culture, plant cell
culture, transgenic plants or bacterial expression systems.

In another embodiment, the invention includes an 1solated
human interferon-t protein or polypeptide. The protein may
be recombinantly produced. Further, the protein or polypep-
tide may include any of the following human interferon-t
sequences: SEQ ID NO:44, SEQ ID NO:30, SEQ 1D NO:34,
SEQ ID NO:26, SEQ ID NO:28, SEQ ID NO:22, and SEQ
ID NO:24.

The invention further includes a method of inhibiting
tumor cell growth. In the method, the tumor cells are
contacted with a human interferon-t polypeptide at a con-
centration effective to mhibit growth of the tumor cells. The
human interferon-t may be a part of any acceptable phar-
macological formulation. Tumor cells whose growth may be
inhibited by human interferon-t include, but are not limited
to, human carcinoma cells, hematopoietic cancer cells,
human leukemia cells, human lymphoma cells, and human
melanoma cells. In one embodiment, the tumor cells are
steroid-sensitive tumor cells, for example, mammary tumor
cells.

In yet another embodiment of the present invention,
human interferon-t polypeptides are used in a method of
inhibiting viral replication. In this method, cells infected
with a virus are contacted with human interferon-t at a
concentration effective to mhibit viral replication within said
cells. The human interferon-t may be a part of any accept-
able pharmacological formulation. The replication of both
RNA and DNA viruses may be inhibited by human
interferon-t polypeptides. Exemplary RNA viruses include
human immunodeficiency virus (HIV) or hepatitis ¢ virus
(HCV). An exemplary DNA virus 1s hepatitis B virus
(HBV).

In yet another aspect, the present invention includes a
method of enhancing fertility in a female mammal. In this
method, an effective mammalian fertility enhancing amount
of human mterferon-t 1s administered to the female mammal
in a pharmaceutically acceptable carrier.

The 1nvention also includes 1solated human interferon-t
polypeptides. These polypeptides are derived from the
interferon-t amino acid sequence and are typically between
about 15 and 172 amino acids in length.

Also 1ncluded 1n the mnvention 1s a fusion polypeptide that
contains a human interferon-t polypeptide that is between
15 and 172 amino acids long and derived from a human
interferon-t amino acid coding sequence, and a second
soluble polypeptide. In one embodiment, human
interferon-t sequences are used 1n fusion constructs with
other types of interferons to reduce the toxicity of the other
types of interferons, for example, interferon-¢. and inter-
feronf3.

The invention also includes a polypeptide composition
having (a) a human interferon-t polypeptide, where said
polypeptide is (1) derived from an interferon-t amino acid
coding sequence, and (i1) between 15 and 172 amino acids
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long, and (b) a second soluble polypeptide. Interferon-o and
interferon-f3 are examples of such second soluble polypep-
fides. This composition may be used to reduce the toxicity
of the other types of interferons when the interferons are
used 1n pharmaceutical formulations or 1n therapeutic appli-
cations.

The mvention also includes purified antibodies that are
immunoreactive with human interferon-t. The antibodies
may be polyclonal or monoclonal.

These and other objects and features of the invention will
be more fully appreciated when the following detailed
description of the invention is read in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE FIGURES

FIGS. 1A and 1B present the nucleic acid coding
sequence of a synthetic gene of OvIFNT designed to include
19 unique restriction enzyme sites spaced evenly throughout
the coding sequence.

FIG. 2 shows the cloning strategy used for making a
synthetic gene encoding OvIFNT.

FIG. 3 shows a comparison of the predicted protein
sequences of a human interferon-t gene and an ovine
interferon-t gene. Divergent amino acids are indicated by
presentation of the alternative amino acid on the line below
the nucleic acid sequences.

FIG. 4 presents data demonstrating that both OvIFNT and
IFNa. were able to drastically reduce growth of HL-60 cells.

FIG. 5 presents data demonstrating that rHulFNa 1s
cytotoxic and OvIFNT 1s not. In the figure, results of one of
three replicate experiments are presented as mean % viabil-
ity = SD.

FIG. 6 presents the sequences of polypeptides derived
from the IFNT sequence.

FIG. 7 presents the complete nucleic acid and amino acid
sequence of an OvIFNT sequence.

FIG. 8 presents data supporting the lack of cytotoxicity,
relative to IFNa, when IFNT 1s used to treat peripheral blood
mononuclear cells.

FIG. 9 shows the results of treatment of a human cuta-
neous T cell lymphoma line, HUT 78, with IFNT.

FIG. 10 shows the results of treatment of a human T cell
lymphoma line, H9, with IFN~.

FIG. 11A presents data for the peptide inhibition, relative
to FIV (feline immunodeficiency virus) replication, of
polypeptides derived from OvIFNT with whole OvIENT.

FIG. 11B presents data for the peptide 1inhibition, relative
to HIV (human immunodeficiency virus) replication, of
polypeptides dertved from OvIFNT with whole OvIFNT.

FIG. 12 presents data demonstrating the inhibition of the
antiviral activity of IFNT by IFNtT-derived peptides.

FIG. 13 presents data demonstrating the inhibition by
IFNT-derived peptides of OvIFNT antiviral activity.

FIG. 14 presents data demonstrating the inhibition by
IFNT-derived peptides of bovine IFNa. antiviral activity.

FIG. 15 presents data demonstrating the inhibition by
IFNT-derived peptides of human IFNo antiviral activity.

FIG. 16 presents data evaluating the lack of inhibition by
IFNT-derived peptides of bovine IFNy antiviral activity.

FIG. 17 presents data demonstrating the anti-IFNT-
derived peptide antisera inhibition of the antiviral activity of

IENT.

FIG. 18 presents data demonstrating the anti-IFNT-
derived peptide antisera inhibition of the binding of radio-

labeled IFN<T to cells.

10

15

20

25

30

35

40

45

50

55

60

65

3

FIGS. 19A and 19B present an alignment of nucleic acid
sequences encoding IFNT polypeptides.

FIGS. 20A and 20B present an alignment of amino acid
sequences of IFNT polypeptides.

FIG. 21 presents data comparing the cytotoxicity of IFNT
with IFNf.

BRIEF DESCRIPTION OF THE SEQUENCES

SEQ ID NO:1 1s the nucleotide sequence of a synthetic
gene encoding ovine interferon-t (OvIFNT). Also shown is
the encoded amino acid sequence.

SEQ ID NO:2 1s an amino acid sequence of a mature
OvIFNT protein.

SEQ ID NO:3 1s a synthetic nucleotide sequence encoding,
a mature human interferon-t (HulFNT) protein.

SEQ ID NO:4 1s an amino acid sequence for a mature
HulFNT1 protein.

SEQ ID NO:5 1s the amino acid sequence of fragment
1-37 of SEQ ID NO:2.

SEQ ID NO:6 1s the amino acid sequence of fragment
34-64 of SEQ ID NO:2.

SEQ ID NO:7 1s the amino acid sequence of fragment
62-92 of SEQ ID NO:2.

SEQ ID NO:8 1s the amino acid sequence of fragment
90-122 of SEQ ID NO:2.

SEQ ID NO:9 1s the amino acid sequence of fragment
119-150 of SEQ ID NO:2.

SEQ ID NO:10 1s the amino acid sequence of fragment
139-172 of SEQ ID NO:2.

SEQ ID NO:11 1s the nucleotide sequence of a natural
HulFNt1 gene with a leader sequence.

SEQ ID NO:12 1s the predicted amino acid coding
sequence of the SEQ ID NO:11.

SEQ ID NO:13 1s a 25-mer synthetic oligonucleotide
according to the subject invention.

SEQ ID NO:14 1s a 25-mer synthetic oligonucleotide
according the subject invention.

SEQ ID NO:15 1s the amino acid sequence of fragment
1-37 of SEQ ID NO:A4.

SEQ ID NO:16 1s the amino acid sequence of fragment
34-64 of SEQ ID NO:A4.

SEQ ID NO:17 1s the amino acid sequence of fragment
62-92 of SEQ ID NO:4.

SEQ ID NO:18 1s the amino acid sequence of fragment
90-122 of SEQ ID NO:4.

SEQ ID NO:19 1s the amino acid sequence of fragment
119-150 of SEQ ID NO:4.

SEQ ID NO:20 1s the amino acid sequence of fragment
139-172 of SEQ ID NO:4.

SEQ ID NO:21 1s the nucleotide sequence of cDNA
HulFNT6.

SEQ ID NO:22 1s the predicted amino acid sequence
encoded by the sequence represented as SEQ ID NO:21.

SEQ ID NO:23 1s the nucleotide sequence of cDNA
HulFNT7.

SEQ ID NO:24 1s the predicted amino acid sequence
encoded by the sequence represented as SEQ ID NO:23.

SEQ ID NO:25 1s the nucleotide sequence of cDNA
HulFNT4.

SEQ ID NO:26 1s the predicted amino acid sequence
encoded by the sequence represented as SEQ ID NO:25.

SEQ ID NO:27 1s the nucleotide sequence of cDNA
HulFNT5.
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SEQ ID NO:28 1s the predicted amino acid sequence
encoded by the sequence represented as SEQ ID NO:27.

SEQ ID NO:29 1s the nucleotide sequence of genomic
DNA clone HulFNT2.

SEQ ID NO:30 1s the predicted amino acid sequence
encoded by the sequence represented as SEQ ID NO:29.

SEQ ID NO:31 1s the nucleotide sequence, including

leader sequence, of genomic DNA clone HulFN<t3, a natural
HulEFN<T gene.

SEQ ID NO:32 1s the predicted amino acid sequence

(including leader sequence) encoded by the sequence rep-
resented as SEQ ID NO:31.

SEQ ID NO:33 1s the nucleotide sequence, excluding

leader sequence, of genomic DNA clone HulFNt3, a natural
HulFNT gene.

SEQ ID NO:34 1s the predicted amino acid sequence of a

mature human IFNT protein encoded by HulFNt3, encoded
by the sequence represented as SEQ ID NO:33.

SEQ ID NO:35 1s the amino acid sequence of fragment
1-37 of SEQ ID NO:33.

SEQ ID NO:36 1s the amino
34-64 of SEQ ID NO:33.

SEQ ID NO:37 1s the amino
62-92 of SEQ ID NO:33.

SEQ ID NO:38 1s the amino
90-122 of SEQ ID NO:33.

SEQ ID NO:39 1s the amino
119—-150 of SEQ ID NO:33.

SEQ ID NO:40 1s the amino
139-172 of SEQ ID NO:33.

SEQ ID NO:41 1s the amino
1-23 of SEQ ID NO:32.

SEQ ID NO:42 1s the amino
1-23 of SEQ ID NO:11.

SEQ ID NO:43 1s the nucleotide sequence, excluding
leader sequence, of DNA clone HulFNT1.

SEQ ID NO:44 1s the predicted amino acid sequence of a
mature human IFNT protein encoded by HulFNt1, encoded
by the sequence represented as SEQ ID NO:43.

acid sequence of fragment

acid sequence of fragment

acid sequence of fragment

acid sequence of fragment

acid sequence of fragment

acid sequence of fragment

acid sequence of fragment

DETAILED DESCRIPTION OF THE
INVENTION

I. Definitions.

Interferon-t (IFNT) refers to any one of a family of
interferon proteins having greater than 70%, or preferably
ogreater than about 80%, or more preferably greater than
about 90% amino acid homology to either the sequence
presented as (a) SEQ ID NO:2 or (b) SEQ ID NO:34. Amino
acid homology can be determined using, for example, the
LALIGN program with default parameters. This program 1s
found 1n the FASTA version 1.7 suite of sequence compari-
son programs (Pearson, et al., 1988; Pearson, 1990, program
available from William R. Pearson, Department of Biologi-
cal Chemistry, Box 440, Jordan Hall, Charlottesville, Va.).
Typically, IFNt has at least one characteristic from the
following group of characteristics: (a) expressed during
embryonic/fetal stages by trophectoderm/placenta, (b) anti-
luteolytic properties, (¢) anti-viral properties, and (d) anti-
cellular proliferation properties. IFNT can be obtained from
a number of sources mncluding cows, sheep, 0x, and humans.

An 1interferon-t polypeptide 1s a polypeptide having
between about 15 and 172 amino acids derived from an
interferon-t amino acid coding sequence, where said 15 to
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172 amino acids are contiguous 1n native interferon-t. Such
15-172 amino acid regions can also be assembled ito
polypeptides where two or more such interferon-t regions
are joined that are normally discontinuous in the native
protein.

II. Isolation & Characterization of Interferon-t.
A. Ovine and Bovine Interferon-t.
1. Interferon-t Coding Sequences.

Ovine interferon-t (OvIFNT) is a major conceptus secre-
tory protein produced by the embryonic trophectoderm
during the critical period of maternal recognition in sheep.
One 1solate of mature OvIFNT 1s 172 amino acids in length
(SEQ ID NO:2). The cDNA coding sequence contains an
additional 23 amino acids at the amino-terminal end of the
mature protein (Imakawa, et al., 1987). The coding sequence
of this OvIFNT 1solate 1s presented as FIG. 7.

Relative to other interferons, olFNT shares about 45 to
68% amino acid homology with Interferon-c. and the great-

est sequence similarity with the interferon-ws (IFNws) of
about 68%.

For the 1solation of OvVIFNT protein, conceptuses were
collected from pregnant sheep and cultured 1n vitro 1n a
modified Minimum Essential Medium as described previ-
ously (Godkin, et al., 1982). Conceptuses were collected on
various days of pregnancy with the first day of mating being
described as Day 0. OvIFENT was purified from conceptus

culture medium essentially as described by Vallet, et al.,
(1987) and Godkin, et al. (1982).

The homogeneity of OvIFNT was assessed by sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE; Maniatis, et al.; Ausubel, et al.). Determination of
protein concentration 1n purilied OvIFNT samples was per-
formed using the bicinchoninic (BCA) assay (Pierce Chemi-

cal Co., Rockford, Ill.; Smith, et al., 1985).

A homologous protein to OvIFNT was 1solated from cows
(BolFNT; Helmer, et al., 1987; Imakawa, et al., 1989).
OvIFNtT and BolFNw (1) have similar functions in maternal
recognition of pregnancy, and (i1) share a high degree of
amino acid and nucleotide sequence homology between
mature proteins. The nucleic acid sequence homology
between OvIFNT and BolFNT 1s 76.3% for the 5' non-coding
region, 89.7% for the coding region, and 91.9% for the 3'
non-coding region. The amino acid sequence homology 1s
80.4%.

Example 1 describes the reproductive functions of
OvIFNT. OvIFNT and recombinant human Interferon-c.2
(tHulFNa) were infused into uterine lumen of ewes at a
variety of concentrations. The life span of the corpus luteum
was assessed by examination of interestrous intervals, main-
tenance of progesterone secretion, and inhibition of pros-
taglandin secretion (Davis, et al., 1992). Comparison of the
data resulting from these examinations demonstrated a con-
siderable lengthening of the interestrous interval when
OvIFNT 1s administered at 100 ug/day and no meaningful
cffect when rHulFNao 1s administered. These data support
the conclusion that OvIFNtT significantly influences the
biochemical events of the estrous cycle.

The antiviral properties of interferon-t at various stages of
the reproductive cycle were also examined (Example 2).
Conceptus cultures were established using conceptus
obtained from sheep at days 12 through 16 of the estrus
cycle. Antiviral activity of supernatant from each conceptus
culture was assessed. Culture supernatants had increasing
antiviral activity associated with advancing development of
the conceptus up to Day 16 post estrus.
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2. Recombinant Production of IFN<T

Recombinant OvIFNT was produced using bacterial and
yeast cells. The amino acid coding sequence for OvIFNT
was used to generate a corresponding DNA coding sequence
with codon usage optimized for expression in F. coli
(Example 3). The DNA coding sequence was synthetically
constructed by sequential addition of oligonucleotides.
Cloned oligonucleotides were fused 1nto a single polynucle-
otide using the restriction digestions and ligations outlined
in FIG. 2. The polynucleotide coding sequence had the
sequence presented as SEQ ID NO:1.

For expression of recombinant OvIFN<T, this synthetic
coding sequence can be placed in a number of bacterial
expression vectors: for example, lambda gtll (Promega,
Madison Wis.); pGEX (Smith, et al.); pPGEMEX (Promega);
and pBS (Stratagene, La Jolla Calif.) vectors. Other bacterial
expression vectors containing suitable promoters, such as

the T7 RNA polymerase promoter or the tac promoter, may
also be used. Cloning of the OvIFNT synthetic polynucle-
otide into a modified pIN III omp-A expression vector 1s
described 1n Example 3. Production of the OvIFNT protein
was 1nduced by the addition of IPTG. Soluble recombinant
IFNT was liberated from the cells by sonication or osmotic
fractionation.

The protein can be further purified by standard methods,
including size fractionation (column chromatography or
preoperative gel electrophoresis) or affinity chromatography
(using, for example, anti-OvIFNT antibodies (solid support
available from Pharmacia, Piscataway N.J.). Protein prepa-

rations can also be concentrated by, for example, filtration
(Amicon, Danvers, Mass.).

The synthetic OvIFNT gene was also cloned into the yeast
cloning vector pBS24Ub (Example 4; Sabin, et al.; Ecker, et
al.). Synthetic linkers were constructed to permit in-frame
fusion of the OvIFN<T coding sequences with the ubiquitin
coding sequences 1n the vector. The resulting junction
allowed 1n vivo cleavage of the ubiquitin sequences from the
OvVIEFNT sequences.

The recombinant plasmid pBS24Ub-IFNT was trans-
formed 1nto the yeast S. cerevisiae. Transformed yeast cells
were cultured, lysed and the recombinant IFNtT (r-IFNT)
protein 1solated from the cell lysates.

The amount of r-IFNT was quantified by radioimmunoas-
say. Microsequencing of the purified r-IFNT was carried out.
The results demonstrated identity with native OvVIFN<T
through the first 15 amino acids. The results also confirmed
that the ubiquitin/IFNT fusion protein was correctly pro-
cessed 1n vivo.

Recombinant IFNtT obtained by this method exhibited
antiviral activity similar to the anfiviral activity of IFN<T
purified from conceptus-conditioned culture medium.

Other yeast vectors can be used in the practice of the
present mvention. They include 2 micron plasmid vectors
(Ludwig, et al.), yeast integrating plasmids (YIps; e.g.,
Shaw, et al.), YEP vectors (Shen, et al.), yeast centromere
plasmids (YCps; e¢.g., Ernst), and the like. Preferably, the
vectors include an expression cassette containing an effec-
tive yeast promoter, such as the MFal promoter (Ernst,
Bayne, et al.), GADPH promoter (glyceraldehyde-3-
phosphate-dehydrogenase; Wu, et al.), the galactose-
inducible GAL10 promoter (Ludwig, et al., Feher, et al.,
Shen, et al.), or the methanol-regulated alcohol oxidase
(AOX) promoter (Tschopp, et al.). The AOX promoter is
particularly useful in Pichia pastoris host cells (for example,
the AOX promoter 1s used i pHIL and pPIC vectors
included in the Pichia expression kit, available from
Invitrogen, San Diego, Calif.).

5

10

15

20

25

30

35

40

45

50

55

60

65

12

The expression cassette may 1nclude additional elements
to facilitate expression and purification of the recombinant
protein, and/or to facilitate the insertion of the cassette 1nto
a vector or a yeast chromosome. For example, the cassette
may 1nclude a signal sequence to direct secretion of the
protein. An exemplary signal sequence suitable for use 1n a
variety ol yeast expression vectors 1s the MFal pre-pro
signal sequence (Bayne, et al., Ludwig, et al., Shaw, et al.).
Other signal sequences may also be used. For example, the
Phol signal sequence (Elliot, et al.) is particularly effective

in Pichia Pastoris and Schizosaccharomyces pombe host
cells.

Exemplary expression cassettes include (i) a cassette
containing (5' to 3") the AOX promoter, the Phol signal
sequence, and a DNA sequence encoding OvIFNT, for
expression in P pastoris host cells, and (i1) a cassette
containing (5' to 3") the MFal promoter, the MFal pre-pro
signal sequence, and a DNA sequence encoding IFNT, for
expression 1n S. cerevisitae host cells.

Additional yeast vectors suitable for use with the present
mvention include, but are not limited to, other vectors with
regulatable expression (Hitzeman, et al.; Rutter, et al.; Oeda,
et al.). The yeast transformation host is typically Saccharo-
myces cerevisiae, however, as 1llustrated above, other yeast
suitable for transformation can be used as well (e.g.,
Schizosaccharomyces pombe, Pichia pastoris and the like).

The DNA encoding the IFNT polypeptide can be cloned
into any number of commercially available vectors to gen-
erate expression of the polypeptide 1n the appropriate host
system. These systems 1nclude the above described bacterial
and yeast expression systems as well as the following:
baculovirus expression (Reilly, et al.; Beames, et al.;
Clontech, Palo Alto Calif.); plant cell expression, transgenic
plant expression (e.g., S. B. Gelvin and R. A. Schilperoot,
Plant Molecular Biology, 1988), and expression in mamma-
lian cells (Clontech, Palo Alto Calif.; Gibco-BRL, Gaith-
ersburg Md.). These recombinant polypeptides can be
expressed as fusion proteins or as native proteins. A number
of features can be engineered 1nto the expression vectors,
such as leader sequences which promote the secretion of the
expressed sequences 1to culture medium. The recombi-
nantly produced polypeptides are typically isolated from
lysed cells or culture media. Purification can be carried out
by methods known 1n the art including salt fractionation, 10n
exchange chromatography, and affinity chromatography.
Immunoatfinity chromatography can be employed, as
described above, using antibodies generated based on the
IFNT polypeptides.

B. Human Interferon-t

1. Identification and Cloning of Human Genomic
Sequences Encoding an Interferon-t Protein.

Human genomic DNA was screened for sequences
homologous to interferon-t (Example 5). Several sequences
that hybridized with the OvIFNT cDNA probe were 1denti-
fied. Several clones containing partial sequences of human
interferon-t were then isolated (Example 6). Two synthetic
25-mer oligonucleotides, corresponding to sequences from
the OvIFNT cDNA (Imakawa, et al., 1987, Whaley, et al.,
1994) were synthesized. These primers were employed in
amplification reactions using DNA derived from the follow-
ing two cDNA libraries: human placenta and human cytotro-
phoblast cells 1solated from term placenta. The resulting
amplified DNA fragments were electrophoretically sepa-
rated and a band containing human IFNt amplification
products was 1solated. The amplification products were
subcloned and the 1nserted amplification products sequenced
using the dideoxy termination method.
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Comparison of sequences from five of these clones
revealed a high degree of sequence homology between the
1solates, but the sequences were not 1dentical. This result
sugeests the existence of multiple variants of human
interferon-t genes. Analysis of the nucleotide and protein
sequences suggests that human interferon-t genes may be
classified on the basis of sequence homology 1nto at least
three groups. The groups are presented below.

Example 7 describes the i1solation of several full-length
human IFNtT genes. High molecular weight DNA was 1s0-
lated from human peripheral blood mononuclear cells
(PBMCs) and size-fractionated. Fractions were tested for the

presence ol IFNT sequences using polymerase chain reac-
tion: DNA molecules from fractions that tested amplification
positive were used to generate a subgenomic library in

hetll.

This subgenomic library was plated and hybridized with
an OVIFNT cDNA probe (Example 7A). Approximately 20
clones were 1dentified that hybridized to the probe. Plaques
corresponding to the positive clones were passaged, DNA
1solated and analyzed by amplification reactions using
OvIFNT primers. Of these twenty plaques, six plaques

generated positive PCR signals. The phage from these six
clones were purified and the inserts sequenced. One of the

inserts from one of these six clones was used as a hybrid-
1zation probe in the following screening.

Recombinant phage from the Agtll subgenomic library
were screened using the hybridization probe just described
(Example 7B). Five clones giving positive hybridization
signals were 1solated and the inserts sequenced. The
sequences from three of the clones overlapped, and the
resulting consensus nucleic acid sequence (HulFNtl) is
presented as SEQ ID NO:11 with the predicted protein
coding sequence presented as SEQ ID NO:12. The predicted
mature protein coding sequence 1s presented as SEQ ID
NO:4. The sequences from the other two clones are pre-
sented as SEQ ID NO:29 (HulFNt2) and SEQ ID NO:31
(HulFN7T3). The predicted mature amino acid sequence from
HulFN<t2 1s presented as SEQ ID NO:30. The predicted
amino acid sequence from HulFNT3 1s presented as SEQ ID
NO:32, and the mature amino acid sequence as SEQ ID

NO:34.

Comparison of the predicted protein sequences (FIG. 3)
of one of the human interferon-t genes (SEQ ID NO:4) and

the ovine interferon-t gene demonstrates the levels of
sequence homology and divergence at the amino acid level.

An alignment of the nucleic acid sequences of the seven
human interferon-t nucleic acid sequences, described herein
(Examples 6 and 7), with ovine interferon-t is shown in
FIGS. 19A and 19B. Sequences of OvIFNt (olFNw),
HulFNt1, HulFNtT2, and HulFNT3 start at the upper left
corner of FIG. 19A with the mmtiation ATG codon and
continue through the second page of the figure. Sequences of
HulFNt4, HulFNt5, HulFNt6 and HulFNt7 start approxi-
mately halt-way down FIG. 19A with the CAG codon at
amino acid position 40 (to the right of the exclamation

marks) and continue through the second page of the figure.
The 5' and 3' ends of each of the clones for HulFNt4,

HulFNt5, HulENt6 and HulFNT7 are represented by excla-
mation marks.

The complete coding sequence of OvIFNT 1s presented 1n
the top row of each aligned set. Nucleotides 1n the other
sequences are indicated only at positions where they differ
from those of OVIFNT. Lower case letters represent nucle-
otide changes that do not result in amino acid changes, while
upper case letters represent those changes that result in an
amino acid substitution.

10

15

20

25

30

35

40

45

50

55

60

65

14

An alignment of the seven corresponding amino acid
sequences, constructed in essentially the same manner as
described above, 1s presented 1n FIGS. 20A and 20B. As
above, the complete amino acid sequence of OVIFNT 1s
presented 1n the top row, and amino acids of other sequences
are 1ndicated only at positions where they differ from the
ovine sequence.

An examination of the alignments reveals that the seven
sequences may be grouped 1nto at least three groups. Group
I contains HulFNtl and HulFN=t2, group II contains
HulFNt3, HulFNt4 and HulFN<t5, and group III contains
HulFNt6 and HulFNt7/. These groups may represent fami-
lies of interferon-t genes having distinct cellular functions.

These groupings were established based on the following,
criterta. In mature proteins, Group I HulFNts have an
asparagine (ASN) at amino acid position number 95
(numbers in reference to FIGS. 20A to 20B), a methionine

(MET) at amino acid position number 104, and a leucine
(LEU) at amino acid position number 120; Group II
HulFNTs have an aspartic acid (ASP) at amino acid position
number 95, a threonine (THR) at amino acid position
number 104, and a methionine (MET) at amino acid position
number 120; and Group III HulFNts have an arginine
(ARG) at amino acid position number 72, a valine (VAL) at
amino acid position number 120, and a serine (SER) at
amino acid position number 122.

The nucleic acid and polypeptide human IFNT sequences
presented as SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:11,
SEQ ID NO:12, SEQ ID NO:21, SEQ ID NO:22, SEQ ID
NO:23, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26,
SEQ ID NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID
NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:33,
and SEQ ID NO:34 can be used as the source for specific
primers and probes to detect 1solates of further human IFN<T
coding sequences and/or pseudogenes. Further, as described
above, there may be more than one 1soform of the IFN<T
protein and more than one coding sequence per species. The
specific nucleic acid probes used i1n the practice of the
present invention and antibodies reactive with the IFN<T
polypeptides of the present invention may be useful to
1solate unidentified variants of interferon-t in mammals,
according to the methods of the invention disclosed herein.

2. Characterization of the Expression of Interferon-t in
Human Tissues.

Human placental cDNA libraries and an ovine cDNA
library were analyzed by hybridization to the OvIFNT cDNA
probe (Example 8). This DNA hybridization analysis sug-
ogested that the IFNt-signals from human cDNA libraries
were approximately Y400 of the signal obtained using the
ovine cDNA library. OvIFNT cDNAs constitute around
0.4% of the ovine cDNA library. Accordingly, the abundance
of human cDNAs responding to the OvIFNT probe appears
to be low, at least 1n the term placenta from which the cDNA
libraries were generated.

The presence of HuIFNT mRNA 1n human term placenta
and amniocytes were also analyzed. The results suggest the
presence of HuUIFNt mRNA 1n the feto-placental annex. The
aminocytes also expressed the messages corresponding to
OvIFNT primers and human probe, suggesting that the
expression of IFNtT mRNA 1s not limited to the term pla-
centa.

In addition, a RI-PCR analysis for the presence of
HulFNt was applied to the total cellular RNA isolated from
human adult lymphocytes: the results suggest that IFNt
mRNA exists in lymphocytes.

The expression of interferon-t 1n human tissue was also
examined using in situ hybridization (Example 9). Sections
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from four healthy, different term and first trimester human
placentas were examined. This analysis employed a cDNA
probe derived from the OvIFNT cDNA sequences (Example
9B). In situ hybridization was performed using an anti-sense
RNA probe. In three separate experiments, specific hybrid-

1zation was observed 1n all term and first trimester placental
f1ssues.

First trimester placental villi (composed of an outer layer
of syncytiotrophoblast, an underlying layer of
cytotrophoblast, and a central stromal region with various
types of mesenchymal cells) displayed the highest transcript
level of IFNT 1n the cytotrophoblast cells. Less intense but
detectable levels were present 1n both the syncytiotropho-
blast and stromal cells. A similar pattern of transcript expres-
sion was demonstrated in the placental villi of term tissue
but the level of signal detection was low. First trimester
extravillous trophoblasts displayed the highest amount of
message and stained positive when present 1n the maternal
blood spaces within the decidua.

Howatson, et al., (1988) noted IFNa production in the
syncytiotrophoblast of chorionic villi in both first trimester
and term tissues. Also, Paulesu, et al. (1991) observed IFNa.
in extravillous trophoblast as well as syncytiotrophoblasts,
noting more intense and abundant reactivity 1n {irst trimester
placental tissue when compared to those taken at term.
These 1nvestigators employed antibodies raised against
human IFNa subtypes, and none observed any IFNa 1n the
villous cytotrophoblasts.

The present results demonstrate that the human IFNT gene
1s highly expressed 1n early placental tissues by migrating
extravillous trophoblasts, but 1s also expressed in villous
syncytiotrophoblasts, cytotrophoblasts, and various stromal
cells. These results demonstrate the detection of IFNT tran-
scripts in human pregnancy tissues, and IFNT expression in
the villous cytotrophoblasts as well as the extravillous
trophoblast of first trimester placenta.

C. Antiviral Properties of Interferon-t.

The antiviral activity of OvIFNtT has been evaluated
against a number of viruses, including both RNA and DNA
viruses. The relative specific activity of OvIFNT, purified to
homogeneity, was evaluated in antiviral assays (Example
10). OvIFNT had a higher specific antiviral activity than
either rBolFNa or rBolFNy (Example 10, Table 3).

One advantage of the present mvention 1s that OvIFNT
has potent antiviral activity with limited cytotoxic effects.
Highly purified OvIFNT was tested for anti-retroviral and
cytotoxic effects on peripheral blood lymphocytes exposed
to feline AIDS and human AIDS retroviruses (Bazer, F. W.,
et al., 1989). The feline AIDS lentivirus produces a chronic
AIDS-like syndrome 1n cats and 1s a model for human AIDS
(Pederson, et al.,, 1987). Replication of either virus in
peripheral blood lymphocytes (PBL) was monitored by
reverse transcriptase (RT) activity in culture supernatants
over time.

To determine IFNT antiviral activity against FIV and HIV,
RNA-dependent DNA polymerase RT activity was assayed
in FIV- and HIV-infected feline and human PBL cultures
treated with OvIFNT (Example 11). Replication of FIV was
reduced to about one-third of control values when cells were
cultured 1n the presence of OvIFNT. Addition of OvIFNT
produced a rapid, dose-dependent decrease 1n reverse tran-
scriptase (RT) activity (Example 11, Table 4). While con-
centrations as low as 0.62 ng/ml of IFNt inhibited viral
replication, much higher concentrations (40 ng/ml) having
oreater effects on RT-activity were without toxic effects on
the cells. The results suggest that replication of the feline
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immunodeficiency virus was reduced significantly com-
pared to confrol values when cells were cultured in the
presence of OvIFNT.

IFNT appeared to exert no cytotoxic effect on the cells
hosting the retrovirus. This was true even when IFNT was
present at 40 ng per ml of culture medium. This concentra-
tion of IFNT 1s equivalent to about 8,000 antiviral units of
alpha iterferon—when OvVIFNt and HulFNo are each
assayed for their ability to protect Madin-Darby bovine
kidney cells from lysis by vesicular stomatitis virus (lysis
assay as described by Pontzer, et al., 1988).

IFNT was also tested for activity against HIV replication
in human cells. Human peripheral lymphocytes, which had

been 1nfected with HIV were treated with varying concen-
trations of IFNt (Example 12). Replication of HIV in

peripheral blood lymphocytes was monitored by reverse
transcriptase activity in culture supernatants over time. Over
a range ol concentrations of IFNt produced significant
anti-HIV effects (Example 12, Table 5). A concentration of
only 10 ng/ml resulted in over a 50% reduction 1 RT
activity after only six days. A concentration of 500 ng/ml
resulted in a 90% reduction 1n RT activity within 10 days.
Further, there was no evidence of any cytotoxic elfects
attributable to the administration of IFNt (Example 12,
Table 5).

Further, the antiviral effects of IFNt against HIV were
evaluated by treating human PBMC cells with various
amounts of either recombinant IFNT or recombinant human
[FNo at the time of infection with HIV (Example 18). The
data from these experiments (Example 18, Table 11) support
the conclusion that, at similar concentrations, IFNo and
IFNT are effective 1n reducing the replication of HIV 1n
human lymphocytes. However, treatment of cells with IFNa.
resulted 1n cytotoxicity, whereas no such cytotoxicity was
observed with treatment using IFNT, even when IFNtT was
used at much higher concentrations. No cytotoxicity was
observed using IFNT, even when IFNT was used at 200 times
the dosage of interferon-alpha II.

Both FIV and HIV reverse transcriptase themselves were
unaffected by IFN<T 1n the absence of PBL. Therefore, the
antiviral activity 1s not due to a direct effect on the viral RT.

Interferon-t has also been shown to inhibit Hepatitis B
Virus DNA replication in hepatocytes (Example 18). A
human cell line dertved from liver cells transfected with
Hepatitis B Virus (HBV) was used to test the antiviral effects
of IFNT. The cells were treated with both the IFNo and IFNT
over a range of concentrations. Both IFN¢. and IFNT reduced
DNA production by approximately two-fold compared to the
no interferon control.

To demonstrate that the effect of the interferons was
specific to the infecting virus and not the result of an effect
on general cell metabolism, the hepatocytes were examined
for the effects of IFNa. and IFNT on hepatospecific mRNA
production (Example 18). Two hepatocyte specific proteins,
Apo E and Apo Al, were detected by hybridization analysis.
There was no apparent reduction of mRNA production for
either hepatospecific mRNA at concentrations up to 40,000
units/ml of either IFNo or IENT. Further, no evidence for
hepatotoxicity with IFNt was seen 1n this assay.

The effects of recombinant ovine interferon tau (roIFNT)
on ovine lentivirus replication (OvLV) were also evaluated.
In vitro effects were assayed by infecting goat synovial
membrane cells with serial dilutions of OvLV. The infected
cells were treated daily with rolFNt (0-2,500 antiviral
units/ml [ AVU/ml]) for 6 to 12 days, and virus replication
and cytopathic effect (CPE; e.g., as in Example 2) were
evaluated.
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Evaluation methods included viral growth curves, cell
proliferation assay (e.g., as in Examples 13, 14 or 15),
syncytia formation assay (e.g., as in Nagy, et al., Dalgleish,
et al.), and quantitation of proviral DNA by PCR and reverse
transcriptase assay (Mullis, Mullis, et al.). A reduction

(p<0.001) of OvLV titer and CPE (80-99%) was observed in
the rolFNt-treated cultures.

In vivo effects of rolFNt were assayed by inoculating

twenty-four newborn lambs with 5x10° TCID., of OvLV
strain 85/34. Eleven of these lambs were treated with
10°-10° AVU/Kg of rolFNt once a day for 30 days post-
inoculation (PI) and twice a week thereafter. Thirteen lambs
were used as controls. Virus titers 1 blood, as determined by
an end point dilution method, peaked at 46 weeks PI 1n both
ogroups. OvLYV ftiters in rolFNt-treated lambs were reduced
relative to control animals. The largest reduction, a 90%
decrease 1n OVLYV fiter 1n treated animals relative to control

animals (p<0.01), was obtained 4 weeks PI.

The OvVLYV studies described above indicate that recom-
binant ovIFNT can significantly reduce OvLV replication,
and suggest that IFNt may be used to control clinical
diseases caused by lentivirus infections. Taken together with
the other antiviral data, these results suggest that IFNT 1s an

ciiective anfiviral agent against a wide variety of viruses,
including both RNA and DNA viruses.

Ovine interferon-t may be useful 1n veterinary applica-
fions including, but not limited to, the treatment of the
following viral discases: feline leukemia virus, ovine pro-
gTessive pneumonia virus, ovine lentivirus, equine infec-
flous anemia virus, bovine 1mmunodeficiency virus, visna-
maedi virus, and caprine arthritis encephalitis.

Human interferon-t may be used for the treatment of, for
example, the following viral diseases: human i1 mmunodefi-
ciency virus (HIV), hepatitis ¢ virus (HCV) and hepatitis B
virus (HBV).

D. Antiproliferative Properties of IFNT.

The effects of IFNT on cellular growth have also been
examined. In one analysis, anti-cellular growth activity was
examined using a colony inhibition assay (Example 13).
Human amnion (WISH) or MDBK cells were plated at low
cell densities to form colonies originating from single cells.
Dilutions of interferons were added to triplicate wells and
the plates were incubated to allow colony formation. IFNT
inhibited both colony size and number 1n these assays. IFNT
was more elfective at mhibiting cell proliferation of the
human cell line (WISH) than human IFNca. The antiprolif-
erative activity of IFNt was dose-dependent. High concen-
trations of IFNT stopped proliferation, while cell viability
was not impaired.

Based on cell cycle analysis, using flow cytometry, IFNT
appears to mhibit progress of cells through S phase. These
results demonstrate the antiproliferative effect of IFNw, and
underscore 1ts low cytotoxicity.

The antiproliferative effects of IFNT were also studied for
rat and bovine cell lines (Example 14). The rate of

“H-thymidine incorporation was used to assess the rate of

cellular proliferation. The data obtained demonstrate that

IFNT drastically reduced the rate of cellular proliferation
(Example 14, Table 7) for each tested cell line.

The antiproliferative activity and lack of toxicity of IFNT
was further examined using a series of human tumor cell
lines (Example 15). A variety of human tumor cell lines were
selected from the standard lines used in NIH screening
procedure for antineoplastic agents (Pontzer, C. H., et al.,
(1991)). At least one cell line from each major neoplastic
category was examined.
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The following cell lines were obtained from American
Type Culture Collection (12301 Parklawn Dr., Rockville

Md. 20852):
NCI-H460 human lung large cell carcinoma;
DLD-1 human colon adenocarcinoma;
SK-MEL-28 human malignant melanoma;
ACHN human renal adenocarcinoma;
HI-60 human promyelocytic leukemia;
HY9 human T cell lymphoma;
HUT 78 human cutaneous T cell lymphoma; and

MCF7 human breast adenocarcinoma.

As above, the antiproliferative activity was evaluated by
measuring the rate of “H-thymidine incorporation into cells
which have been treated with IFNT. Significant differences
between treatments were assessed by an analysis of variance
followed by Schefle’s F-test. Cell cycle analysis was per-
formed by flow cytometry.

Examination of IFNtT inhibition of MCF7 (breast
adenocarcinoma) proliferation demonstrated that IFNT
reduced MCF7 proliferation in a dose-dependent manner. A
50% reduction in "H-thymidine was observed with 10,000
units/ml of IFNt (Example 15, Table 8). This cell line had
previously been found to be unresponsive to antiestrogen
treatment.

A comparison of the antiproliferative effects of IFNT and
[FNo was conducted using HL-60 (human promyelocytic
leukemia) cells. Results with the promyelocytic leukemia
HI-60 are typical of those obtained comparing IFNt with
human IFNa (Example 15). Concentrations as low as 100
units/ml of both IFNs produced significant (>60%) growth
reduction. Increasing amounts of IFNs further decreased
tumor cell proliferation (FIG. 4). High doses of HuIFNc, but
not OvIFNT, were cytotoxic (FIG. §). Cell viability was
reduced by approximately 80% by IFNo.. By contrast, nearly
100% of the IFNT-treated cells remained viable when IFN<T
was applied at 10,000 units/ml. Thus, while both interferons
inhibit proliferation, only IFN<T 1s without cytotoxicity. This
lack of toxicity provides an advantage of IFNT for use in
vivo therapies.

The human cutaneous T cell lymphoma, HUT 78,
responded similarly to HL-60 when treated with IFN<t
(Example 15, FIG. 9). Both OvIFNT and rHulFNa reduce
HUT 78 cell growth, but IFNa. demonstrated adverse etfects
on cell viability.

The T cell lymphoma HY9 was less sensitive to the
antiproliferative effects of IFNa. than the tumor cell lines
described above. While IFNa was not toxic to the H9 cells,
it failed to inhibit cell division significantly at any of the
concentrations examined (Example 15, FIG. 10). In contrast,
IFNT was observed to reduce H9 growth by approximately
60%. Thus, only OvIFNT 1s an effective growth inhibitor of
this T cell lymphoma.

In three additional tumor cell lines (NCI-H460, DLD-1
and SK-MEL-28) IFNt and IFNa were equally efficacious
antitumor agents. In the melanoma, SK-MEL-28, inhibition
of proliferation by IFNa was accomplished by a 13% drop
in viability, while IFNT was not cytotoxic. In the majority of
tumors examined, IFN<T 1s equal or preferable to IFNa as an
antineoplastic agent against human tumors.

IFNT exhibits anftiproliferative activity against human
tumor cells without toxicity and 1s as potent or more potent
than human IFNa. Clinical trials of the IFNa2s have shown
them to be effective antitumor agents (Dianzani, F., 1992;
Krown, 1987). One advantage of IFNT as a therapeutic is the
climination of toxic effects seen with high doses IFNas.

An additional application of the IFNT 1s against tumors
like Kaposi’s sarcoma (associated with HIV infection)
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where the antineoplastic effects of IFNt are coupled with
IFNT ability to mhibit retroviral growth.

The 1n vivo efficacy of interferon-t treatment was exam-
ined in a mouse system (Example 16). B16-F10 is a synge-
neic mouse transplantable tumor selected because of 1ts high
incidence of pulmonary metastases (Poste, et al., 1981).
Interferon treatment was 1nitiated 3 days after the introduc-
fion of the tumor cells. The 1n vivo administration of IFNT
dramatically reduced B16-F10 pulmonary tumors. Thus,
IFNT appears to be an eflicacious antineoplastic agent in
vivo as well as 1n vitro.

These results support the usefulness of human IFN<T for
use 1n methods to mnhibit or reduced tumor cell growth,
including, but are not limited to, the following types of
tumor cells: human carcinoma cells, hematopoietic cancer
cells, human leukemia cells, human lymphoma cells, human
melanoma cells and steroid-sensitive tumor cells (for
example, mammary tumor cells).

E. Cytotoxicity of Interferons.

One advantage of IFNT over other interferons, such as
IFNa@, 1s that treatment of a subject with therapeutic doses ot
IFNT does not appear to be associated with cytotoxicity. In
particular, IFN-t appears to be non-toxic at concentrations at
which IFN-p induces toxicity. This 1s demonstrated by
experiments 1n which 1.929 cells were treated with various
concentrations of either olFNt or MulFN-f3 (Lee
Biomolecular, San Diego, Calif.), ranging from 6000 U/ml
to 200,000 U/ml (Example 18E).

IFNT, MulFN-f3 or medium (control) were added at time
zero and the cells were incubated for 72 hours. The results
of the experiments are presented in FIG. 21. The percent of
live cells (relative to control) 1s indicated along the y-axis
(xstandard error). One hundred percent is equal to the
viability of 1.929 cells treated with medium alone. The
results 1ndicate that olFNT 1s essentially non-toxic at con-
centrations up to 100,000 U/ml, and is significantly less
toxic than MulFN-f3 over the entire therapeutic range of the
compounds.

It has been previously demonstrated that 1in vivo treatment
with both of the type I IFNs, IFNf3 and IFNc in humans and
animals causes toxicity manifested as a number of side
cffects including fever, lethargy, tachycardia, weight loss,

and leukopenia (Degre, 1974; Fent and Zbinden, 1987). The
effect of in vivo treatment with IFN<, IFNB and IFNo. (10°
U/injection) on total white blood cell (WBC), total lympho-
cyte counts and weight measurements in NZW mice (Table
13) was examined as described in Example 18F. No signifi-
cant difference between IFNT treated and untreated mice
was observed for WBC, lymphocyte counts or weight
change.

In comparison, IFN[ treated mice exhibited a 31.7%
depression 1n lymphocyte counts 12 hours after injection.
Further, depression of lymphocyte counts continued 24
hours after IFN[3 injection. IFNa treated mice exhibited a
55.8% lymphocyte depression and significant weight loss 12
hours after injection. Thus, IFNT appears to lack toxicity in
vivo unlike IFEN[} and IFNa as evidenced by studies of
peripheral blood and weight measurements.

olFNT 1s 172 amino acids long compared to 165 or 166
amino acids for IFNa. The carboxyl-terminal portion of
oIFN= 1s hydrophilic and thought to be surface accessible.
To explore whether this carboxyl “tail” interacts with the
binding epitope of olFNt to mediate the relative lack of
cytotoxicity, a series of deletion mutants were generated.

The carboxyl terminal 2, 6 and 10 amino acids of olFN<T
were removed by cassette mutagenesis of a synthetic olFN<T
gene. The mutant (variant) synthetic genes were cloned into
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the pHIL-S1 Pichia expression plasmid (Invitrogen, San
Diego, Calif.), the plasmid was cut with BglIl, and the
linearized plasmid was used to transform Pichia pastoris
(strain GS115; Invitrogen) spheroplasts according to the
manufacturer’s instructions.

Recombinant variant proteins expressed by transformed
His™ Mut™ yeast cells were purified and used to determine in
vitro anftiviral activity and relative cytotoxicity of the vari-

ants compared to mtact olFNt and IFN-a. The cytoxicity of
the variants was distributed between the that of olFNt and
IFN-c.. Variants with shorter deletions were more similar 1n
their cytotoxic properties to olFNT, while those with longer
deletions were more similar to IFN-a.

While not wishing to be bound by any specific molecular
mechanisms underlying the properties of IFNT, the results of
the experiments suggest that the C-terminus 10 amino acids
of IFNt may play a role in the decreased cytotoxicity of
IFNT relative to other mterferons.

III. Interferon-t Polypeptide Fragments, Protein Model-
ing and Protein Modifications.

A. IFNT Polypeptide Fragments.

The variety of IFNT activities, its potency and lack of
cytotoxicity, as taught by the present specification, suggest
the 1mportance of structure/function analysis for this novel
interferon. The structural basis for OvIFNT function has
been examined using six overlapping synthetic peptides
corresponding to the entire OvIFNT sequence (FIG. 6). The
corresponding polypeptides derived from the ovine IFNT
sequence are presented as SEQ ID NO:5 to SEQ ID NO:10.
Three peptides representing amino acids 1-37, 62-92 and
139-1772 have been shown to inhibit IFNT anfiviral activity
(Example 17). The peptides were effective competitors at
concentrations of 300 uM and above.

The synthetic polypeptide representing the C-terminal
region of ovIFNt, OvIFNT (139-172), and the internal
peptide OvIFNtT (62-92), inhibited IFNtT and
rBolFNoqantiviral activity to the same extent, while the
N-terminal peptide OvIFNT (1-37) was more effective in
inhibiting OvVIFNT anfiviral activity. Dose-response data
indicated that IFNt (62-92) and IFN<t (139-172) inhibited
IFNT anfiviral activity to similar extents. The same peptides
that blocked IFNT anfiviral activity also blocked the antiviral
activity of recombinant bovine IFNa (rBolFNa); recombi-
nant bovine IFNvy was unafiected by the peptides. These two
IFNT peptides may represent common receptor binding
regions for IFNtT and various IFNas.

The two synthetic peptides OvVIFNT (1-37) and OvVIFN®
(139-172) also blocked OvIFNt anti-FIV and anti-HIV
activity (Example 17; FIGS. 11A and 11B). While both
peptides blocked FIV RT activity, only the C-terminal
peptide, OVIFNT (139-172), appeared to be an efficient
inhibitor of vesicular stomatitis virus activity on the feline
cell line, Fc9.

The above data taken together suggest that the C-terminal
regions of type I interferons may bind to common site on the
type I interferon receptor, while the N-terminal region may
be 1nvolved 1n the elicitation of unique functions. These
results suggest that portions of the IFNT molecule may be
used to substitute regions of interferon alpha molecules. For
example, the region of an interferon alpha molecule that 1s
responsible for increased cytotoxicity, relative to IFNT
freatment, can be 1identified by substituting polypeptide
regions derived from IFNT for regions of an interferon alpha
molecule. Such substitutions can be carried out by manipu-
lation of synthetic genes (see below) encoding the selected
IFNT and imnterferon alpha molecules, coupled to the func-
tional assays described herein (such as, antiviral, antiprolif-
erative and cytoxicity assays).
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Polyclonal anti-peptide antisera against the IFNT peptides
yielded similar results as the polypeptide inhibition studies,

described above. Antibodies directed against the same three
regions (OvIFNtT (1-37), IFNt (62-92) and IFN<T

(139-172)) blocked OvIFN<T function, confirming the
importance of these three domains i1n antiviral activity
(Example 17). These peptides, although apparently binding
to the 1nterferon receptor, did not 1n and of themselves elicit
interferon-like effects in the cells.

The antiproliferative activity of IFNt (Example 17, Table

11) mvolved a further region of the molecule, since IFNT
(119-150) was the most effective inhibitor of OvIFNT-

induced reduction of cell proliferation. This results suggests
that the region of the molecule primarily responsible for
inhibition of cell growth is the IFNT (119-150) region. This
region of the IFNT molecule may be useful alone or fused to
other proteins (such as serum albumin, an antibody or an
interferon alpha polypeptide) as an antineoplastic agent. A

conjugated protein between an N-terminal peptide derived
from human interferon-o. and serum albumin was shown to

have anticellular proliferation activity (Ruegg, et al., 1990).

Finally, binding of **’I-OvIFNT to its receptor on MDBK
cells could be blocked by antisera to 4 of the 6 peptides; the
4 polypeptides representing amino acids 1-37, 62-92,
119-150 and 139-172 of OvVIFNT. This reflects the multiple
binding domains as well as the functional significance of
these regions. Since different regions of IFNT are involved
in elicitation of different functions, modification of selected
amino acids could potentially result in IFN<T-like interferons
with selective biological activity.

Polypeptide fragments of human IFNT proteins, having
similar properties to the OvVIFNT polypeptides just
described, are proposed based on the data presented above
for OvVIFNT polypeptide fragments combined with the
HulFNt sequence information disclosed herein. Such
human-sequence dertved polypeptides include, but are not

limited to, the following: SEQ ID NO:15 to SEQ ID NO:20,
and SEQ ID NO:35 to SEQ ID NO:40.

The above data demonstrate the identification of synthetic
peptides having four discontinuous sites on the OvVIFN<T
protein that are involved 1n receptor mteraction and biologi-
cal activity. In order to elucidate the structural relationship
of these regions, modeling of the three dimensional structure
of IFNT was undertaken. A three dimensional model would
be useful 1n interpretation of existing data and the design of
future structure/function studies.

B. Molecular Modeling

Combining circular dichroism (CD) data of both the full
length recombinant OvIFNT and IFNf (a protein of known
three dimensional structure (Senda, et al., 1992)), a model of
OvIFNT was constructed. The most striking feature of this
model 1s that IFNt falls into a class of proteins with a
four-helix bundle motif. The CD spectra of IFNT was taken
on an AVIV 60 S spectropolarimeter. Two different methods
were employed for secondary structure estimations, the
algorithm of Perczel, et al., (1991) and variable selection by
W. C. Johnson, Jr. (1992).

Secondary structure estimations of the spectra indicate
70-75% alpha helix (characterized by minima at 222 and
208 nm and maximum at 190 nm). The variable selection
algorithm estimates the remainder of the molecule to be 20%
beta sheet and 10% turn. The Chang method estimates the
remainder to be 30% random coil. Alignment of IFNT and
IFN[ sequences revealed homology between the two
molecules, specifically in the regions of known helical
structure 1 IFNP. Sequence analysis of IFNT also showed
that proposed helical regions possess an apolar periodicity
indicative of a four-helix bundle motif.
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The final modeling step was to apply the IFNP x-ray
crystallographic coordinates of the IFN[ carbon backbone to
the IFNtT sequence. The functionally active domains of
IENT, 1dentified above, were localized to one side of the
molecule and found to be 1n close spatial proximity. This 1s
consistent with multiple binding sites on IFNT interacting
simultaneously with the type I IFN receptor.

The three dimensional modeling data coupled with the
function data described above, provides the information
necessary to introduce sequence variations into speciiic
regions of IFNT to enhance selected functions (e.g., antiviral
or anticellular proliferation) or to substitute a region(s) of
selected function into other interferon molecules (e.g.,
antiviral, antineoplastic, or reduced cytotoxicity).

C. Recombinant and Synthetic Manipulations

The construction of a synthetic gene for OvVIFNT 1s
described 1n Example 3. Briefly, an amino acid sequence of
ovIFNT was back-translated from an ovIFNt cDNA
(Imakawa, et al., 1987) using optimal codon usage for FE.
coli. The sequence was edited to include 20, unique, restric-
tion sites spaced throughout the length of the construct. This
540 base pair synthetic gene sequence was divided imto 11
oligonucleotide fragments. Individual fragments were syn-
thesized and cloned, either single or double stranded, into
cither pTZ 19R, pTZ 18R or pBluescript, amplified and
fused. The synthetic OvIFNT construct was then cloned 1nto
a modified pIN-III-ompA expression vector for expression
in bacteria and also cloned 1nto a yeast expression plasmid.
A similarly constructed human IFNT synthetic gene (SEQ 1D
NO:3) has been designed, constructed and expressed in
yeast cells.

Expression of the OvIFN=T synthetic gene 1n yeast
(Example 4) allowed over production of recombinant IFNtT
in S. cerevisiae: large quantities (5—20 mg/1) of recombinant
IFNT can be purified from soluble yeast extract using
sequential 1on exchange and molecular sieve chromatogra-
phy. Recombinant IFNt purified in this fashion exhibited
potent antiviral activity (2 to 3x10° units/mg) similar to
native OvIFNT.

The synthetic gene construct facilitates introduction of
mutations for possible enhancement of antitumor
(anticellular proliferative) and antiviral activities. Further,
the disparate regions of the molecule responsible for ditfer-
ent functions can be modified independently to generate a
molecule with a desired function. For example, two deletion
mutants, OVIFNT(1-162) and OvIFNT (1-166), have been
constructed to examine the role of carboxy terminal
sequences 1n IFNt molecules.

Additional mutant IFNT molecules have been constructed
to 1dentity residues critical for antiproliferative activity. For
example, one particular residue, TYR 123 has been impli-
cated in the anticellular proliferative activity of IFNa
(Mclnnes, et al., 1989). The equivalent of TYR 123 in IFNt
is contained within peptide OvVIFNT (119-150): this
polypeptide imhibits OvIENT and human IFNo antiprolit-
erative activity. Mutations converting TYR 123 to conser-
vative (TRP) and nonconservative (ASP) substitutions have
been generated, as well as mutant sequences having deletion
of this residue. The codon for TYR 123 1s located within an
sspl site; elimination of this site has been used for screening.
The antiproliferative activity of these mutant IFNT 1s evalu-
ated as described herein.

Synthetic peptides can be generated which correspond to
the IFNT polypeptides of the present invention. Synthetic
peptides can be commercially synthesized or prepared using
standard methods and apparatus in the art (Applied
Biosystems, Foster City Calif.).
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Alternatively, oligonucleotide sequences encoding pep-
fides can be either synthesized directly by standard methods
of oligonucleotide synthesis, or, in the case of large coding
sequences, synthesized by a series of cloning steps involving
a tandem array of multiple oligonucleotide fragments cor-
responding to the coding sequence (Crea; Yoshio et al.;
Eaton et al.). Oligonucleotide coding sequences can be
expressed by standard recombinant procedures (Maniatis et
al.; Ausubel et al.).

The biological activities of the interferon-t polypeptides
described above can be exploited using ecither the
interferon-t polypeptides alone or conjugated with other

proteins (see below).
IV. Production of Fusion Proteins.

In another aspect, the present i1nvention includes
interferon-t or mterferon-t-dertved polypeptides covalently
attached to a second polypeptide to form a fused, or hybrid,
protein. The interferon-t sequences making up such fused
proteins can be recombinantly produced interferon-t or a
bioactive portion thereof, as described above.

For example, where interferon-t 1s used to inhibit viral
expression, polypeptides derived from IFNt demonstrating
antiviral activity may be advantageously fused with a
soluble peptide, such as, serum albumin, an antibody (e.g.,
specific against an virus-specific cell surface antigen), or an
interferon alpha polypeptide. In one embodiment, the IFNT
polypeptides provide a method of reducing the toxicity of
other interferon molecules (e.g., IFNf3 or IFNa) by replacing
toxicity-associated regions of such interferons with, for
example, corresponding interferon-t regions having lower
toxicity. In another embodiment, fusion proteins are gener-
ated containing interferon-t regions that have anticellular
proliferation properties. Such regions may be obtained from,
for example, the human interferon-t sequences disclosed
herein.

The fused proteins of the present imvention may be
formed by chemical conjugation or by recombinant tech-
niques. In the former method, the interferon-t and second
selected polypeptide are modified by conventional coupling
agents for covalent attachment. In one exemplary method for
coupling soluble serum albumin to an interferon-t
polypeptide, serum albumin 1s derivatized with
N-succinimidyl-S-acetyl thioacetate (Duncan), yielding thi-
olated serum albumin. The activated serum albumin
polypeptide 1s then reacted with interferon-t derivatized
with N-succinimidyl 3-(2-pyridyldithio) propionate
(Cumber), to produce the fused protein joined through a
disulfide linkage.

As an alternative method, recombinant interferon-t may
be prepared with a cysteine residue to allow disuliide
coupling of the iterferon-t to an activated ligand, thus
simplifying the coupling reaction. An interferon-t expres-
sion vector, used for production of recombinant interferon-t,
can be modified for insertion of an internal or a terminal
cysteine codon according to standard methods of site-
directed mutagenesis (Ausubel, et al.).

In one method, a fused protein 1s prepared recombinantly
using an expression vector 1n which the coding sequence of
a second selected polypeptide 1s joined to the interferon-t
coding sequence. For example, human serum albumin cod-

ing sequences can be fused in-frame to the coding sequence
of an 1nterferon-t polypeptide, such as, SEQ ID NO:9, SEQ

ID NO:19 or SEQ ID NO:39. The fused protein 1s then
expressed using a suitable host cell. The fusion protein may
be purified by molecular-sieve and 1on-exchange chroma-
tography methods, with additional purification by polyacry-
lamide gel electrophoretic separation and/or HPLC
chromatography, 1f necessary.
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It will be appreciated from the above how interferon-t-
containing fusion proteins may be prepared. One variation
on the above fusion 1s to exchange positions of the
interferon-t and selected second protein molecules 1 the
fusion protein (e.g., carboxy terminal versus amino terminal
fusions). Further, internal portions of a native interferon-t
polypeptide (for example, amino acid regions of between 15
and 172 amino acids) can be assembled into polypeptides
where two or more such interferon-t portions are contiguous
that are normally discontinuous in the native protein.

In addition to the above-described fusion proteins, the
present mvention also contemplates polypeptide composi-
tions having (a) a human interferon-t polypeptide, where
said polypeptide is (i) derived from an interferon-t amino
acid coding sequence, and (i1) between 15 and 172 amino
acids long, and (b) a second soluble polypeptide.
Interferon-c. and interferon-f3 are examples of such second
soluble polypeptides. IFNtT polypeptides associated with
reduced toxicity may be co-administered with more toxic
interferons to reduce the toxicity of the more toxic interfer-
ons when used 1n pharmaceutical formulations or 1n thera-
peutic applications. Such IFNt polypeptides would, for
example, reduce the toxicity of IFNa but not interfere with
IFN¢. antiviral properties.

V. Antibodies Reactive with Interferon-t.

Fusion proteins containing the polypeptide antigens of the
present invention fused with the glutathione-S-transferase
(S726) protein can be expressed using the pGEX-GLI vector
system 1n F. coli IM101 cells. The fused S326 protein can be
1solated readily by glutathione substrate aflinity chromatog-
raphy (Smith). Expression and partial purification of IFNt
proteins 1s described in (Example 20), and is applicable to
any of the other soluble, induced polypeptides coded by
sequences described by the present invention.

Insoluble GST (sj26) fusion proteins can be purified by
preparative gel electrophoresis.

Alternatively, IFNT-p-galactosidase fusion proteins can
be 1solated as described 1n Example 19.

Also included 1n the i1nvention 1s an expression vector,
such as the lambda gt11 or pGEX vectors described above,
contaming IFNt coding sequences and expression control
clements which allow expression of the coding regions 1n a
suitable host. The control elements generally include a
promoter, translation initiation codon, and translation and
franscription termination sequences, and an 1sertion site for
introducing the insert into the vector.

The DNA encoding the desired polypeptide can be cloned
into any number of vectors (discussed above) to generate
expression of the polypeptide 1n the appropriate host system.
These recombinant polypeptides can be expressed as fusion
proteins or as native proteins. A number of features can be
engineered 1nto the expression vectors, such as leader
sequences which promote the secretion of the expressed
sequences 1nto culture medium. Recombinantly produced
IFNT, and polypeptides derived therefrom, are typically
1solated from lysed cells or culture media. Purification can
be carried out by methods known 1n the art including salt
fractionation, 1on exchange chromatography, and affinity
chromatography. Immunoafhinity chromatography can be
employed using antibodies generated against selected IFNT
antigens.

In another aspect, the invention includes specific antibod-
ies directed against the polypeptides of the present inven-
tion. Typically, to prepare antibodies, a host animal, such as
a rabbit, 1s 1immunized with the purified antigen or fused
protein antigen. Hybrid, or fused, proteins may be generated
using a varlety of coding sequences derived from other
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proteins, such as [-galactosidase or glutathione-S-
transferase. The host serum or plasma 1s collected following
an appropriate time interval, and this serum 1s tested for
antibodies specific against the antigen. Example 20
describes the production of rabbit serum antibodies which
are specific against the IFNT antigens 1n a $126/IFNt hybrid
protein. These techniques can be applied to the all of the
IFNT molecules and polypeptides derived therefrom.

The gamma globulin fraction or the IgG antibodies of
immunized animals can be obtained, for example, by use of
saturated ammonium sulfate or DEAE Sephadex, or other
techniques known to those skilled 1n the art for producing
polyclonal antibodies.

Alternatively, purified protein or fused protein may be
used for producing monoclonal antibodies. Here the spleen
or lymphocytes from a animal immunized with the selected
polypeptide antigen are removed and immortalized or used
to prepare hybridomas by methods known to those skilled in
the art (Harlow, et al.). Lymphocytes can be isolated from a
peripheral blood sample. Epstein-Barr virus (EBV) can be
used to immortalize human lymphocytes or a fusion partner
can be used to produce hybridomas.

Antibodies secreted by the immortalized cells are
screened to determine the clones that secrete antibodies of
the desired specificity, for example, by using the ELISA or
Western blot method (Ausubel et al.). Experiments per-
formed 1n support of the present invention have yielded four
hybridomas producing monoclonal antibodies specific for
ovine IFNT have been isolated.

Antigenic regions of polypeptides are generally relatively
small, typically 7 to 10 amino acids in length. Smaller
fragments have been 1identified as antigenic regions.
Interferon-t polypeptide antigens are identified as described
above. The resulting DNA coding regions can be expressed
recombinantly either as fusion proteins or isolated polypep-
fides.

In addition, some amino acid sequences can be conve-
niently chemically synthesized (Applied Biosystems, Foster
City Calif.). Antigens obtained by any of these methods may
be directly used for the generation of antibodies or they may
be coupled to appropriate carrier molecules. Many such
carriers are known 1n the art and are commercially available
(e.g., Pierce, Rockford Ill.).

Antibodies reactive with IFNT are useful, for example, 1n
the analysis of structure/function relationships.

VI. Utility

A. Reproductive.

Although IFNT bears some similarity to the IFN¢ family
based on structure and its potent antiviral properties, the
IFNas do not possess the reproductive properties associated
with IFNT. For example, recombinant human IFNa had no
eifect on mnterestrous interval compared to IFNT, even when
administered at twice the dose (Davis, et al., 1992).

Theretfore, although IFNT has some structural similarities
to other interferons, it has very distinctive properties of 1its
own: for example, the capability of significantly influencing
the biochemical events of the estrous cycle.

The human IFN< of the present mnvention can be used in
methods of enhancing fertility and prolonging the life span
of the corpus luteum in female mammals as generally
described 1n Hansen, et al., herein incorporated by reference.
Further, the human interferon-t of the present invention
could be used to regulate growth and development of uterine
and/or fetal-placental tissues. The human IFNT 1s particu-
larly useful for treatment of humans, since potential anti-
genic responses are less likely using such a same-species
protein.
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B. Antiviral Properties.

The antiviral activity of IFNt has broad therapeutic
applications without the toxic effects that are usually asso-
ciated with IFNas. Although the presence of IFN<T 1n culture
medium 1nhibited reverse transcriptase activity of the feline
immunodeficiency virus (Example 11), this is not due to a
direct effect of IFNT on the reverse transcriptase. Rather,
IFNT appears to induce the host cell to produce a factor(s)
which 1s inhibitory to the reverse transcriptase of the virus.

IFNT was found to exert its antiviral activity without
adverse elfects on the cells: no evidence of cytotoxic elfects
attributable to the administration of IFNT was observed. It 1s
the lack of cytotoxicity of IFNt which makes it extremely
valuable as an 1n vivo therapeutic agent. This lack of
cytotoxicity sets IFNT apart from most other known antiviral
agents and all other known interferons.

Formulations comprising the IFNt compounds of the
present 1nvention can be used to inhibit viral replication.

The human IFNt of the present invention can be
employed 1n methods for affecting the immune relationship
between fetus and mother, for example, 1n preventing trans-
mission of maternal viruses (e.g., HIV) to the developing
fetus. The human interferon-t 1s particularly useful for
treatment of humans, since potential antigenic responses are
less likely using a homologous protein.

C. Anticellular Proliferation Properties.

IFNT exhibits potent anticellular proliferation activity.
IFNT can also be used to mhibit cellular growth without the
negative side elffects associated with other interferons which
are currently known. Formulations comprising the IFNT
compounds of the subject invention can be used to 1nhibiat,
prevent, or slow tumor growth.

The development of certain tumors 1s mediated by estro-
ogen. Experiments performed 1n support of the present inven-
tion indicate that IFNT can suppress estrogen receptor num-
bers. Therefore, IFNT can be used in the treatment or
prevention of estrogen-dependent tumors.

D. Interfering with the Binding of Interferons to Recep-
tors.

IFNT appears to mteract with the Type I IFN receptor via
several epitopes on the molecule, and these regions either
separately or 1n combination may affect distinct functions of
IFNT differently.

The polypeptides of the present invention are useful for
the selective inhibition of binding of interferons to the
interferon receptor. Specifically, as described herein, certain
of the disclosed peptides selectively inhibit the antiviral
activity of IFNt while others inhibit the antiproliferative
activity. Combinations of these peptides could be used to
inhibit both activities. Advantageously, despite binding to
the interferon receptor and blocking IFNT activity, these
peptides do not, themselves, elicit the antiviral or antipro-
liferative activity.

Therefore, such polypeptides can be used as 1mmuno-
regulatory molecules when 1t 1s desired to prevent immune
responses triggered by interferon molecules. These peptides
could be used as immunosuppressants to prevent, for
example, mterferon-mediated 1mmune responses to tissue
transplants. Other types of interferon mediated responses
may also be blocked, such as the cytotoxic effects of alpha
interferon.

E. Pharmaceutical Compositions.

IFNT proteins can be formulated according to known
methods for preparing pharmaceutically useful composi-
tions. Formulations comprising interferons or interferon-like
compounds have been previously described (for example,
Martin, 1976). In general, the compositions of the subject
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invention will be formulated such that an effective amount
of the IFNT 1s combined with a suitable carrier in order to
facilitate effective administration of the composition.

The compositions used 1n these therapies may also be in
a variety of forms. These include, for example, solid, semi-
solid, and liquid dosage forms, such as tablets, pills,
powders, liquid solutions or suspensions, liposomes,
suppositories, mjectable, and infusible solutions. The pre-
ferred form depends on the intended mode of administration
and therapeutic application. The compositions also prefer-
ably include conventional pharmaceutically acceptable car-
riers and adjuvants which are known to those of skill in the
art. Preferably, the compositions of the invention are 1n the
form of a unit dose and will usually be administered to the
patient one or more times a day.

IFNT, or related polypeptides, may be administered to a
patient 1n any pharmaceutically acceptable dosage form,
including oral intake, inhalation, intranasal spray,
intraperitoneal, itravenous, intramuscular, intralesional, or
subcutaneous 1injection. Specidically, compositions and
methods used for other interferon compounds can be used
for the delivery of these compounds.

One primary advantage of the compounds of the subject
invention, however, 1s the extremely low cytotoxicity of the
IFNT proteins. Because of this low cytotoxicity, it 1s possible
to administer the IFNT in concentrations which are greater
than those which can generally be ufilized for other inter-
feron (e.g., IFNa) compounds. Thus, IFNt can be admin-
istered at rates from about 5x10" to 20x10° units/day to
about 500x10° units/day or more. In a preferred
embodiment, the dosage is about 20x10° units/day. High
doses are preferred for systemic administration. It should, of
course, be understood that the compositions and methods of
this 1nvention may be used 1n combination with other
therapies.

Once improvement of a patient’s condition has occurred,
a maintenance dose 1s administered i1f necessary.
Subsequently, the dosage or the frequency of administration,
or both, may be reduced, as a function of the symptoms, to
a level at which the improved condition 1s retained. When
the symptoms have been alleviated to the desired level,
freatment should cease. Patients may, however, require
intermittent treatment on a long-term basis upon any recur-
rence of disease symptoms.

The compositions of the subject invention can be admin-
istered through standard procedures to treat a variety of
cancers and viral diseases including those for which other

interferons have previously shown acfivity. See, for

example, Finter, et al. (1991); Dianzani, et al. (1992);
Francis, et al. (1992) and U.S. Pat. Nos. 4,885,166 and

4,975,276. However, as discussed above, the compositions
of the subject i1nvention have unique features and

advantages, including their ability to treat these conditions
without toxicity.

F. Treatment of Skin Disorders.

Disorders of the skin can be treated intralesionally using,
IFNT, wherein formulation and dose will depend on the
method of administration and on the size and severity of the
lesion to be treated. Preferred methods include intradermal
and subcutancous injection. Multiple injections into large
lesions may be possible, and several lesions on the skin of
a single patient may be treated at one time. The schedule for
administration can be determined by a person skilled in the
art. Formulations designed for sustained release can reduce
the frequency of administration.

G. Systemic Treatment.

Systemic treatment 1s essentially equivalent for all appli-
cations. Multiple intravenous, subcutancous and/or intra-
muscular doses are possible, and 1n the case of implantable
methods for treatment, formulations designed for sustained
release are particularly useful. Patients may also be treated
using 1mplantable subcutaneous portals, reservoirs, or
pumps.
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H. Regional Treatment.

Regional treatment with the IFNtT polypeptides of the
present invention 1s useful for treatment of cancers in
specific organs. Treatment can be accomplished by intraar-
terial infusion. A catheter can be surgically or angiographi-
cally implanted to direct treatment to the affected organ. A
subcutaneous portal, connected to the catheter, can be used
for chronic treatment, or an implantable, refillable pump
may also be employed.

The following examples 1illustrate, but 1n no way are
intended to limit the present mnvention.

Materials and Methods

Restriction endonucleases, T4 DNA ligase, T4 polynucle-
otide kinase, Tag DNA polymerase, and calf intestinal
phosphatase were purchased from New England Biolabs
(Beverly, Mass.) or Promega Biotech (Madison, Wis.): these
reagents were used according to the manufacturer’s mstruc-
tion. For sequencing reactions, a “SEQUENASE DNA II”
sequencing kit was used (United States Biochemical
Corporation, Cleveland Ohio). Immunoblotting and other
reagents were from Sigma Chemical Co. (St. Louis, Mo.) or
Fisher Scientific (Needham, Mass.). Nitrocellulose filters are
obtained from Schleicher and Schuell (Keene, N.H.).

Synthetic oligonucleotide linkers and primers are pre-
pared using commercially available automated oligonucle-
otide synthesizers (e.g., an ABI model 380B-02 DNA syn-
thesizer (Applied Biosystems, Foster City, Calif.)).
Alternatively, custom designed synthetic oligonucleotides
may be purchased, for example, from Synthetic Genetics
(San Diego, Calif.). cDNA synthesis kit and random priming
labeling kits are obtained from Boehringer-Mannheim Bio-
chemical (BMB, Indianapolis, Ind.).

Oligonucleotide sequences encoding polypeptides can be
cither synthesized directly by standard methods of oligo-
nucleotide synthesis, or, 1n the case of large coding
sequences, synthesized by a series of cloning steps involving
a tandem array of multiple oligonucleotide fragments cor-
responding to the coding sequence (Crea; Yoshio et al;
Eaton et al.). Oligonucleotide coding sequences can be

expressed by standard recombinant procedures (Maniatis et
al.; Ausubel et al.).

Alternatively, peptides can be synthesized directly by
standard in vitro techniques (Applied Biosystems, Foster
City Calif.).

Common manipulations involved in polyclonal and
monoclonal antibody work, including antibody purification
from sera, are performed by standard procedures (Harlow et
al.). Pierce (Rockford, Ill.) is a source of many antibody
reagents.

Recombinant human IFNa (rHulFNa) and rBolFNy was
obtained from Genentech Inc. (South San Francisco, Calif.).

The reference preparation of recombinant human IFNa
(tHulFNa) was obtained from the National Institutes of
Health: rHulFNa 1s commercially available from Lee Bio-
molecular (San Diego, Calif.).

All tissue culture media, sera and IFNs used 1n this study
were negative for endotoxin, as determined by assay with
Limulus amebocyte lysate (Associates of Cape Cod, Woods
Hole, Mass.) at a sensitivity level of 0.07 ng/ml.

General ELISA Protocol for Detection of Antibodies.

Polystyrene 96 well plates Immulon II (PGC) were coated
with 5 ug/mL (100 ul. per well) antigen in 0.1M carb/
bicarbonate buffer, pH 9.5. Plates were sealed with parafilm
and stored at 4° C. overnight.

Plates were aspirated and blocked with 300 ulL 10% NGS
and incubated at 37° C. for 1 hr.

Plates were washed 5 times with PBS 0.5% “TWEEN-
207.
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Antisera were diluted in 0.1M PBS, pH 7.2. The desired
dilution(s) of antisera (0.1 mL) were added to each well and

the plate incubated 1 hours at 37° C. The plates was then
washed 5 times with PBS 0.5% “TWEEN-20".

Horseradish peroxidase (HRP) conjugated goat antihu-
man antiserum (Cappel) was diluted V5,000 in PBS. 0.1 mL of

this solution was added to each well. The plate was 1ncu-
bated 30 min at 37° C., then washed 5 times with PBS.

Sigma ABTS (substrate) was prepared just prior to addi-
tion to the plate.

The reagent consists of 50 mL 0.05M citric acid, pH 4.2,
0.078 mL 30% hydrogen peroxide solution and 15 mg
ABTS. 0.1 mL of the substrate was added to each well, then
incubated for 30 min at room temperature. The reaction was

stopped with the addition of 0.050 mL 5% SDS (w/v). The
relative absorbance 1s determined at 410 nm.

EXAMPLE 1

Reproductive Functions of IFN<T

The effect of interferon-t on the lifespan of the corpus
lutem was examined.

IFNt was infused into uterine lumen of ewes at the
concentrations given 1n Table 1. Recombinant human IFNa.
(rHulFNa) was infused at similar concentrations. In
addition, control animals, which received control proteins,
were also used. The life span of the corpus luteum was
assessed by examination of interestrous intervals, mainte-
nance of progesterone secretion, and inhibition of prostag-
landin secretion (Davis, et al., 1992).

TABLE 1

Effect of Interferons on Reproductive Physiology

[nterestrous Interval (days)

[nterferon Treatment (Means)
Control — 17.3
rHullFNa 100 ug/day 16.0
200 ug/day 16.0
2000 pg/day 19.0
OvIFNT 100 pg/day 27.2

Comparison of the interestrous intervals for the control
animals and for animals receiving OvIFNT demonstrate a
considerable lengthening of the interval, when IFNT is
administered at 100 ug/day. On the other hand, comparison
of the interestrous interval for the control animal and for
animals receiving recombinant human IFNa, demonstrated
that rHulFNa had no meaningful effect.

These results demonstrate that interferon-t has the capa-
bility of significantly influencing the biochemical events of
the reproductive cycle.

EXAMPLE 2

Antiviral Properties of Interferon-t at Various
Stages of the Reproductive Cycle

Conceptus cultures were established using conceptus
obtained from sheep at days 12 through 16 of the estrous
cycle. Antiviral activity of supernatant from each conceptus
culture was assessed using a cytopathic effect assay
(Familetti, et al., 1981). Briefly, dilutions of IFNT or other
IFNs were incubated with Madin-Darby bovine kidney
(MDBK) cells for 16-18 hours at 37° C. Following

incubation, inhibition of viral replication was determined 1n
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a cytopathic effect assay using vesicular stomatitis virus
(VSV) as the challenge virus.

One antiviral unit caused a 50% reduction 1n destruction
of the monolayer, relative to untreated MDBK cells infected
with VSV (control plates). Specific activities were further
evaluated using normal ovine fibroblasts (Shnf) in a plaque
inhibition assay (Langford, et al.,, 1981). A minimum of
three samples were examined at each time point, and each
sample was assayed 1n triplicate. The results presented in
Table 2 are expressed as mean units/ml.

TABLE 2

[FNT Antiviral Activity of Conceptus Cultures
and Allantoic and Amniotic Fluids

Day Samples Unit/ml
Conceptus Cultures 10 9 <3
12 5 34

13 6 4.5 x 107

14 3 7.7 x 10°

16 12 2.0 x 10°

Allantoic Fluid 60 3 1.4 x 107
100 4 11
140 3 <3
Amniotic Fluid 60 3 22
100 4 <3

Culture supernatants had increasing antiviral activity
assoclated with advancing development of the conceptus

(Table 2).
EXAMPLE 3

Expression of IFNT in Bacteria

The amino acid coding sequence for OvIFNT (Imakawa,
et al., 1987) was used to generate a corresponding DNA
coding sequence with codon usage optimized for expression
in F. coli. Linker sequences were added to the 5' and 3' ends
to facilitate cloning 1n bacterial expression vectors. The
nucleotide sequence was designed to include 19 unique
restriction enzyme sites spaced evenly throughout the cod-

ing sequence (FIGS. 1A and 1B).

The nucleotide sequence was divided into eleven oligo-
nucleotide fragments ranging in sizes of 33 to 75 bases. Each
of the eleven oligonucleotides were synthesized on a 380-B
2-column DNA synthesizer (Applied Biosystems) and

cloned single- or double-stranded into one of the following
vectors: “pBLUESCRIPT* (KS)” (Stratagene, Lalolla,

Calif.), pTZ18R (Pharmacia, Piscataway, N.J.), or pTZ19R
(Pharmacia, Piscataway, N.J.) cloning vectors.

The vectors were transformed imto FE. coli K. strain
“XL1-BLUE” (recAl endAl gyrA96 thi hsdR17 (r,.~, m, +)
supE44 relAl h-(lac), {F', proAB, 1aC7ZAM15, Tn10(tet™})
which is commercially available from Stratagene (La Jolla,
Calif.). Transformed cells were grown in L broth supple-
mented with ampicillin (50 @g/ml). Oligonucleotide cloning,
and fusion was performed using standard recombinant DNA
techniques.

Cloning vectors were cut with the appropriate restriction
enzymes to 1nsert the synthetic oligonucleotides. The vec-
tors were treated with calf intestine alkaline phosphatase
(CIP) to remove terminal phosphate groups. Oligonucle-
otides were phosphorylated and cloned, as either single- or
double-stranded molecules, 1nto the appropriate vector using
T4 DNA ligase. When single-strands were introduced into
cloning vectors, the second strand was completed by the
bacterial host following transfection.
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For double-stranded cloning, oligonucleotides were first
annealed with their synthetic complementary strand then
ligated 1nto the cloning vector. F. coli K12 strains SB221 or
NM522 were then transtormed with the ligation. £. coli
strain GM119 was used for cloning when the methylation-
sensitive Stul and Clal restriction sites were 1nvolved.
Restriction analyses were performed on isolated DNA at
cach stage of the cloning procedure.

Cloned oligonucleotides were fused into a single poly-
nucleotide using the restriction digestions and ligations
outlined 1 FIG. 2. oligonucleotide-containing-DNA frag-
ments were typically 1solated after electrophoretic size frac-
tionation on low-melting point agarose gels (Maniatis, et al.;
Sambrook, et al.; Ausubel, et al.). The resulting IFNt
polynucleotide coding sequence spans position 16 through
531: a coding sequence of 172 amino acids.

The nucleotide sequence of the final polynucleotide was
confirmed by DNA sequencing using the dideoxy chain
termination method.

The full length Stul/Sstl fragment (540 bp; FIG. 2) was
cloned 1nto a modified pIN III omp-A expression vector and
transformed 1nto a competent SB221 strain of F. coli. For
expression of the IFNT protein, cells carrying the expression
vector were grown 1n L-broth containing ampicillin to an
OD (550 nm) of 0.1-1, induced with IPTG for 3 hours and
harvested by centrifugation. Soluble recombinant IFNT was
liberated from the cells by sonication or osmotic fraction-
ation.

EXAMPLE 4

Expression of IFNT 1n Yeast

The synthetic IFNT gene, synthesized in Example 3, was
flanked at the 5' end by an Stul restriction site and at the 3’
end by a Sacl restriction site.

A. Isolation of the Synthetic IFNT Gene.

Two oligonucleotide primers (SEQ ID NO:13 and SEQ
ID NO:14) were used to attach linkers to the synthetic IFNT
ogene using polymerase chain reaction. The linker at the 5
end allowed the placement of the synthetic IFNT gene 1n
correct reading with the ubiquitin coding sequence present
in the yeast cloning vector pBS24Ub (Chiron Corp.,
Emeryville, Calif.). The linker also constructed a ubiquitin-
IFNT junction region that allowed in vivo cleavage of the
ubiquitin sequences from the IFNT sequences. The 5' oligo-
nucleotide also encoded a Sacll restriction endonuclease
cleavage site. The 3' oligonucleotide contained a Stul cleav-
age site.

The vector carrying the synthetic IFNT gene (Example 3)
was 1solated from F. coli strain “XLI-BLUE” by the alkaline
lysis method. Isolated vector was diluted 500-fold in 10 mM
Tris, pH 8.0/1 mM EDTA/10 mM NaCl. The PCR reaction
was performed 1 a 100 ul volume using Tag DNA poly-
merase and primers SEQ ID NO:13/SEQ ID NO:14. The
amplified fragments were digested with Stul and Sacll.

These digested fragments were ligated into the Sacll and
Smal sites of “pBLUESCRIPT+(KS).”

The resulting plasmid was named pBSY-IFNt. The DNA

sequence was verifled using double stranded DNA as the
template.

B. Construction of the Expression Plasmid.

Plasmid pBSY-IFNtT was digested with Sacll and EcoRV

and the fragment containing the synthetic IFNtT gene was
isolated. The yeast expression vector pBS24Ub (Sabin, et
al.; Ecker, et al.) was digested with Sall. Blunt ends were
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ogenerated using T4 DNA polymerase. The vector DNA was
extracted with phenol and ethanol precipitated (Sambrook,
et al., 1989). The recovered linearized plasmid was digested
with Sacll, purified by agarose gel electrophoresis, and
ligated to the Sacll-EcoRV fragment 1solated from pBSY-

IFNT. The resulting recombinant plasmid was designated
pBS24Ub-IFNT.

The recombinant plasmid pBS24Ub-IFNtT was trans-
formed into F. coli. Recombinant clones containing the
IFNT 1nsert were 1solated and identified by restriction
enzyme analysis. Plasmid DNA from clones containing
IFNT coding sequences was used for transformation of .S.
cerevisiae (Rothstein, 1986). Transformation mixtures were
plated on uracil omission medium and incubated for 3-5
days at 30° C. Colonies were then streaked and maintained
on uracil and leucine omission medium (Rothstein, 1986).

C. Expression Experiments.

For small-scale expression, a single colony of S. cerevi-
siae AB116 containing pBS24Ub-IFNt was picked from a
leucine and uracil omission plate and grown at 30° C. in YEP
medium (1% yeast extract, 2% peptone) containing 1%
oglucose for mducing conditions or 8% glucose for nonin-
ducing conditions. Cell lysates were recovered and sub-
jected to SDS-PAGE 1n 15% acrylamide, 0.4% bisacryla-
mide (Sambrook, et al., 1989). The fractionated proteins
were visualized by Coomassie blue staining.

Recombinant IFNT was visualized specifically by immu-
noblotting with monoclonal antibody or polyclonal antise-
rum against ovine IFNT upon electrotransfer of the fraction-

ated cell extract to “NYTRAN” paper (Rothstein, 1986).

For large-scale expression, pBS24-IFNt was grown for
24 hours at 30° C. in 5xuracil and leucine omission medium
containing 8% glucose. This culture was then diluted 20-fold
in YEP medium containing 1% glucose and further incu-

bated for another 24—-36 hours.

Cells were harvested by centrifugation, washed in 50 mM
Tris, pH 7.6,/1 mM EDTA and resuspended 1n wash bulifer
containing 1 mM PMSF. The cells were lysed using a
Bead-beater apparatus (Biospec Products, Bartlesville,
Okla.). The lysate was spun at 43,000xg for 20 minutes. The
supernatant fraction was recovered and subjected to the
purification protocol described below.

D. Purification of rolFNt from Yeast Cell Lysate.

The supernatant was loaded on a 1x10 cm DEAE column
and washed with 10 mM Tris, pH 8.0. Retained proteins
were eluted with a 300 ml, O to 0.5M NaCl gradient 1n 10
mM Tris, pH 8.0. Three-milliliter fractions were collected.
Ten-microliter samples of fractions 17-26 containing the
recombinant (rolFNT) were electrophoretically separated on
15% SDS-polyacrylamide gels. The gels were stained with
Coomassie blue.

Fractions 18, 19, and 20 contained largest amount of
rolFNt. These fractions were loaded individually on a
1.5x90 c¢cm Sephadex S-200 column and proteins were
resolved in two peaks. Aliquots of each protein peak (25 ul)
were clectrophoretically separated on 15% SDS-
polyacrylamide gels and the protemns visualized with Coo-
massic staining.

Purified rolFNT-containing fractions were combined and
the amount of rolFNt quantified by radioimmunoassay
(Vallet, et al., 1988). Total protein concentration was deter-

mined by using the Lowry protein assay (Lowry, et al.,
1951).

Microsequencing of purified rolFNt demonstrated 1den-
tity with native IFNt through the first 15 amino acids,
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confirming that the ubiquitin/rolFNt fusion protein was
correctly processed 1n vivo.

Purified rolFNt exhibited 2 to 3x10° units of antiviral
activity per milligram of protein (n=3 replicate plates) which
1s similar to the antiviral activity of IFNT purified from
conceptus-conditioned culture medium (2x10° U/mg).

EXAMPLE 5

Southern Blot Analysis of Human High Molecular
Weight DNA

Human venous blood samples from healthy donors were
collected 1in heparinized tubes and peripheral blood lympho-
cytes were 1solated by density-gradient centrifugation using

a Ficoll-Isopaque gradient (1.077 g/ml) (Sigma Chemical
Co.). High molecular weight (HMW) DNA was isolated

from these cells (Sambrook, et al., 1989).

Two 10 ug samples of HMW DNA were digested with the
restriction endonucleases HindIIl or Pstl (Promega) for 2
hours at 37° C., and the DNA fragments electrophoretically
separated in a 0.8% agarose gel (Bio-Rad, Richmond, Calif.)
at 75 volts for 8 hours. The DNA fragments were transferred
onto a nylon membrane (IBI-International Biotechnologies,
Inc., New Haven, Conn.). The membrane was baked at 80°
C. for 2 hours and incubated at 42° C. for 4 hours in the
following prehybridization solution: 5xSSC (1xSSC is
0.15M NaCl and 0.15M sodium citrate), 50% vol/vol
formamide, 0.6% (wt/vol) SDS, 0.5% (wt/vol) nonfat dry
milk, 20 mM Tris-HC1 (pH 7.5), 4 mM EDTA, and 0.5

mg/ml single stranded herring sperm DNA (Promega).

The filter was then incubated 1n a hybridization solution
(5xSSC, 20% vol/vol formamide, 0.6% (wt/vol) SDS, 0.5%

(wt/vol) nonfat dry milk, 20 mM Tris-HCI (pH 7.5), 4 mM
EDTA, and 2x10° cpm/ml “*P-labelled OvIFNt cDNA
(Imakawa, et al., 1987)) for 18 hours at 42° C. The filter was
washed at 42° C. for 15 minutes with 2xSSC and 0.1%
(wt/vol) SDS and exposed to X-ray film (XAR, Eastman
Kodak, Rochester, N.Y.) at —-80° C. for 48 hours in the
presence of an imtensifying screen.

Autoradiography detected a hybridization signal at
approximately 3.4 kb in DNA digested with Pstl and a
slightly smaller (=3.0 kb) fragment in the HindIII digested
DNA. These results indicate the presence of human DNA
sequences complementary to the OvIFNT cDNA probe.

EXAMPLE 6

Isolation of Partial Sequence of Human IFNT
cDNA by PCR

Two synthetic oligonucleotides (each 25-mer), corre-
sponding to the nucleotides 1n the DNA sequence from 231
to 255 (contained in SEQ ID NO:13) and 566 to 590
(contained in SEQ ID NO:14) of OvIFNT cDNA (numbering
relative to the cap site, Imakawa, et al., 1987) were synthe-
sized. These primers contained, respectively, cleavage sites
for the restriction endonucleases Pstl and EcoRI. SEQ 1D
NO:13 was modified to contain the EcoRlI site, which begins
at position 569.

DNA was isolated from approximately 1x10° plaque
forming units (pfu) of the following two cDNA libraries:
human term placenta (Clontech, Inc., Palo Alto, Calif.) and
human term cytotrophoblast (Dr. J. F. Strauss, University of
Pennsylvania, Philadelphia Pa.). The DNA was employed in
polymerase chain reaction (PCR) amplifications (Mullis;
Mullis, et al.; Perkin Elmer Cetus Corp. Norwalk Conn.).
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Amplification reactions were carried out for 30 cycles (45°
C,1m; 72° C.,, 2 m; 94° C., 1 m) (thermal cycler and
reagents, Perkin Elmer Cetus) using primers SEQ ID
NO:13/SEQ ID NO:14.

Amplification products were electrophoretically sepa-
rated (100 volts in a 1.5% agarose gel (Bio-Rad)) and
transferred onto a nylon membrane (IBI). The membrane
was baked at 80° C. for 2 hours and prehybridized and
hybridized with >°P-labelled OvIFNT cDNA as described
above. The membrane was washed in 5xSSC/0.1% (wt/vol)
SDS for 5 minutes at 42° C. and in 2xSSC/0.1% (wt/vol)
SDS for 2 minutes at 42° C. It was then exposed at —-80° C,
to “XAR” (Eastman Kodak) X-ray film for 24 hours in the

presence of an intensitying screen. An amplification product
that hybridized with the labelled probe DNA was detected.

PCR was performed again as directed above. Amplified
products were digested with the restriction endonucleases
EcoRI and Pstl (Promega) for 90 minutes at 37° C. The
resulting DNA fragments were electrophoretically separated
as described above and the band containing the IFNT ampli-
fication product was excised from the gel. DNA fragments
were recovered by electroelution, subcloned 1into EcoRI/Pstl
digested-dephosphorylated plasmid pUC19 and transformed
into F. coli strain JM101 (Promega) by calcium chloride
method (Sambrook, et al., 1989). The plasmids were 1solated
and the 1nserted amplification product sequenced using the
dideoxy termination method (Sanger, et al., 1977; “SEQUE-
NASE” reactions, United States Biochemical, Cleveland,
Ohio). Nucleotide sequences were determined, and compari-
son of these as well as the deduced amino acid sequences to

other IFN sequences were performed using “DNA STAR
SOFTWARE” (Madison, Wis.).

Comparison of the sequences of these clones revealed the
following four different clones: from the human placental
library, HulFNt6 (299 bp), HulFNt7 (288 bp) and HulFNt4
(307 bp), which exhibit 95% identity in their nucleotide
sequences; from the cytotrophoblast library clone CTB 35
(HulFNt5; 294 basepairs), which shares 95% and 98%
identity with HulFENt6 and HulFNt4, respectively.

EXAMPLE 7

Isolation of Full-Length Human IFNt Genes

Ten micrograms PBMC HMW DNA was digested with
restriction endonuclease EcoRI and subjected to electro-
phoretic analysis in a 0.8% agarose gel. A series of samples

containing ranges of DNA fragments sized 1.5 to 10 kb (e.g.,
1.5 to 2.5 kb, 2.5 kb to 3 kb) were excised from the gel. The

DNAs were electroeluted and purified. Each DNA sample
was amplified as described above using the OvIFNT primers.
The DNA molecules of any sample that yielded a positive
PCR signal were cloned into Agtll (the subgenomic Agtll
library).

A. PCR Identification of Clones Containing Sequences
Complementary to OvIFNT.

The Agtll phage were then plated for plaques and plaque-
lift hybridization performed using the **P-labelled OvIFNT
cDNA probe. Approximately 20 clones were 1dentified that
hybridized to the probe.

Plaques that hybridized to the probe were further analyzed
by PCR using the OvIFNT primers described above. Six
plaques which generated positive PCR signals were purified.
The phage DNA from these clones was 1solated and digested
with EcoRI restriction endonuclease. The DNA 1nserts were
subcloned 1nto pUC19 vectors and their nucleotide
sequences determined by dideoxy nucleotide sequencings.
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B. Hybridization Identification of Clones Containing
Sequences Complementary to PCR-Positive Phage.

Recombinant phage from the Agtll subgenomic library
were propagated 1 F. coli Y1080 and plated with E. coli
Y1090 at a density of about 20,000 plaques/150 mm plate.
The plates were overlaid with duplicate nitrocellulose filters,
which were hybridized with a **P-labelled probe from one
of the six human IFNT cDNA clones 1solated above.

Clones giving positive hybridization signals were further
screened and purified. The phage DNAs from hybridization-
positive clones were 1solated, digested with EcoRI, sub-
cloned into pUC19 vector and sequenced. The sequence
information was then analyzed.

1. HulFNTl1

Three clones yielded over-lapping sequence information
for over 800 bases relative to the mRNA cap site (clones
were sequenced in both orientations). The combined nucleic
acid sequence mnformation 1s presented as SEQ ID NO:11
and the predicted protein coding sequence 1s presented as
SEQ ID NO:12. Comparison of the predicted mature protein

sequence (SEQ ID NO:12) of this gene to the predicted
protein sequence of OVIENT 1s shown 1n FIG. 3.

2. HulENT2, HulFNT3

Two additional clones giving positive hybridization sig-
nals (HulFNt2 and HulFNt3) were also screened, purified,
and phage DNAs subcloned and sequenced as above. The
sequences of these two clones are presented 1 FIGS. 19A
and 19B. As can be appreciated in FIGS. 19A and 19B, the

nucleotide sequence of both clones (HulFNt2 and
HulFN<T3) is homologous to that of HulFNt1 and OvIFNT.

HulFN72 (SEQ ID NO:29), may be a pseudo-gene, as it
appears to contain a stop codon at position 115-117. The
sequence, SEQ ID NO:29, 1s presented without the leader
sequence. The leader sequence 1s shown 1n FIG. 20A. As can
be seen from the HulFNt2 sequence presented in FIG. 20A,
the first amino acid present in mature HulFNtl (a CYS
residue) is not present in the HulFNT2 sequence.
Accordingly, the predicted amino acid sequence presented
as SEQ ID NO:29 corresponds to a mature IFNT protein with
the exceptions of the first CYS residue and the internal stop
codon.

The mternal stop codon in the nucleic acid coding
sequence can be modified by standard methods to replace
the stop codon with an amino acid codon, for example,
encoding GLN. The amino acid GLN 1s present at this
position in the other isolates of human IFNt (HulFNw).
Standard recombinant manipulations also allow 1ntroduction
of the mitial CYS residue 1if so desired.

HulFNT3 (SEQ ID NO:31), appears to encode a human

IFNT protein. The translated amino acid sequence of the
entire protein, including the leader sequence, 1s presented as
SEQ ID NO:32. The translated amino acid sequence of the

mature protein 1s presented as SEQ ID NO:34.

EXAMPLE 8

Analysis of the Presence of HulFNt mRNA by RT-
PCR

Human placental cDNA libraries and an ovine cDNA

library, constructed from day 15-16 conceptuses, were ana-
lyzed by hybridization to the OvIFNt cDNA probe,

described above. cDNAs were size-fractionated on agarose
gels and transferred to filters (Maniatis, et al.; Sambrook, et
al.). Southern blot analysis with OvIFNT probe showed that
the autoradiographic signals from human cDNA libraries
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were approximately Yoo of the signal obtained using the
OvIFNT cDNA library.

The presence of HuIFNT mRNA 1in human term placenta
and amniocytes (26 weeks, 2 million cells) was analyzed by
using reverse transcriptase-PCR (RT-PCR) method
(Clontech Laboratories, Palo Alto Calif.).

Total cellular RNA (tcRNA) isolated from human
placenta, amniocytes and ovine conceptuses were reverse
transcribed using the primer SEQ ID NO:14. The primer
SEQ ID NO:13 was then added to the reaction and poly-
merase chain reaction carried out for 40 cycles. The PCR

products were size fractionated on agarose gels and trans-
ferred to filters. The DNA on the filters was hybridized with

**P-labelled OVIFNT and HulFNt c¢cDNAs. The results of
these analyses demonstrate the presence of human IFNT
mRNA 1n the feto-placental annex. The aminocytes also
expressed the messages corresponding to OvIFNT primers
and human probe.

In addition, a RT-PCR analysis for the presence of
HulFNt was applied to the tcRNA 1solated from human
adult lymphocytes. A densitometric analysis revealed that
IFNT mRNA exists 1in lymphocytes.

EXAMPLE 9

In Situ Hybridization

A. Tissue

Slides of semiserial 5-u paraifin embedded sections from

four healthy, different term and first trimester human pla-
centas were examined.

B. cRNA Probe Preparation

From the ¢cDNA clone isolated from OvIFNT amplified

library a fragment corresponding to the OvIFNT cDNA
bases #77-736 (base #1 1is cap site; open reading frame of
OvVIFNT cDNA is base #81-665; FIG. 7) was subcloned into
the transcription vector, pBS (New England Biolabs). Sev-
cral pBS clones were 1solated, subcloned, and their nucle-
otides sequenced. From this clone a 3' fragment (bases
#425-736) was excised using the restriction endonucleases

NlalV and EcoRI and subcloned into the transcription vector
pBS. This vector was designated pBS/OvIFNT.

After linearization of the pBS/OvIFNT plasmid, an anti-

sense CRNA probe was synthesized by 1n vitro transcription
(Sambrook, et al., 1989) using T, RNA polymerase

(Stratagene). A trace amount of H-CTP (NEN-DuPont,
Cambridge, Mass.) was used in the transcription reaction.
dUTP labeled with digoxigenin (Boehringer-Mannheim,
Indianapolis, Ind.) was incorporated into the cRNA and
yield was estimated through TCA precipitation and scintil-
lation counting.

C. Hybrnidization

In situ hybridization was performed using the anti-sense
RNA probe, as described by Lawrence, et al. (1985) with the
following modifications. Deparatfinized and hydrated sec-
tions were prehybridized for 10 minutes at room temperature
in phosphate buffered saline (PBS) containing 5 mM MgCl,.
Nucleic acids 1n the sections were denatured for 10 minutes
at 65° C. in 50% formamide/2xSSC. Sections were incu-
bated overnight at 37° C. with a hybridization cocktail (30
wl/slide) containing 0.3 ug/ml digoxigenin-labelled cRNA
probe and then washed for 30 minutes each at 37° C. in 50
formamide/1xSSC. Final washes were performed for 30
minutes each at room temperature 1 1xSSC and 0.1xSSC.
The sections were blocked for 30 minutes with 0.5% Triton

X-100 (Sigma) and 0.5% non-fat dry milk.
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Hybridization signal was detected using purified sheep
antidioxigenin Fab fragments conjugated to alkaline phos-
phatase (Boehringer-Mannheim). After unbound antibody
was removed, nitroblue tetrazollum/5-bromo-4-chloro-3-
indolyl-phosphate substrate (Promega) and levamisole
(Bector Laboratories, Burlingame, Calif.) Were added for
signal detection via calorimetric substrate generation. The

tissues were counterstained in methyl green (Sigma),
dehydrated, and mounted.

As a control, some tissue sections were pretreated with
100 ug/ml of pancreatic RNaseA (Sigma) for 30 minutes at
37° C. The RNase was inactivated on the slide with 400 units
of RNase inhibitor (Promega). The slides were then washed
twice m 250 ml of PBS/5 mM MgCl,. In other control
experiments, tRNA (Sigma) was substituted for the digoxi-
genin probes.

Specific hybridization was observed 1n all term and first
trimester placental tissues 1n three separate experiments with
various OVIFNT cRNA probe concentrations and blocking,
rcagents.

First trimester placental villi composed of an outer layer
of syncytiotrophoblast, an underlying layer of
cytotrophoblast, and a central stromal region with various
types of mesenchymal cells, displayed the highest transcript
level of IFNT 1n the cytotrophoblast cells. Less intense but
detectable levels were present in both the syncytiotropho-
blast and stromal cells. A similar pattern of transcript expres-
sion was demonstrated in the placental villi of term tissue
but the level of signal detection was low. First trimester
extravillous trophoblast displayed the highest amount of
message and stained positive when present 1in the maternal
blood spaces.

EXAMPLE 10

Antiviral Activity of IFN<T

The relative specific activity of OvIFNT, purified to
homogeneity, was evaluated 1n antiviral assays. The antiviral
assays were performed essentially as described above 1n
Example 2. Specific activities are expressed in antiviral
units/mg protein obtained from antiviral assays using either
Madin-Darby bovine kidney (MDBK) cells or sheep normal
fibroblasts (Shnf). All samples were assayed simultaneously
to eliminate interassay variability. The results, presented in
Table 3, are the means of four determinations where the
standard deviation was less than 10% of the mean.

TABLE 3

Antiviral Activity of IFNT and Known [FENS

Specific Activities
MDBK Shnf
OvIFNt 2 x 108 3 x 108
rBolFNa 6 x 107 1 x 107
rBoIFNy 4.5 x 10° 3 x 10°
NIH rHulFNao 2.2 x 10% 2.2 x 10°
rHulFNa 2.9 x 10° 4.3 x 10°

IFNT had a higher specific activity than either rBolFNa. or
rBolFNt (Table 3). The NIH standard preparation of
rHulFNo had a similar specific activity, while a commercial
preparation of rHulFNa exhibited low specific antiviral
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activity. Comparable relative antiviral activity was demon-
strated using either bovine or ovine cells.

EXAMPLE 11

‘ects of

Anti-Retroviral Activity and Cytotoxic E
IFNT

Highly purified OvIFNT was tested for anti-retroviral and
cytotoxic elfects on feline peripheral blood lymphocytes
exposed to the feline immunodeficiency retrovirus. This
lentivirus produces a chronic AIDS-like syndrome 1n cats
and 1s a model for human AIDS (Pederson, et al., 1987).
Replication of the virus 1 peripheral blood lymphocytes 1s
monitored by reverse transcriptase activity in culture super-

natants over time. The data from these assays are presented
in Table 4.

TABLE 4

FEffect of OVIENT on FIV Replication

[ENT Concentration

(ng/ml) RT Activity (cpm/ml)

Harvest Days

Experiment 1 Day 2 Day 5 Day 8  Day 12 Day 15
0.00 93,908 363,042 289,874 171,185 125,400
0.62 77,243 179,842 172,100 218,281 73,039
1.25 94,587 101,873 122,216 71,916 50,038
2.50 63,676 72,320 140,783 75,001 36,105
5.00 69,348 82,928 90,737 49,546 36,299

Harvest Days

Experiment 2 Day 2 Day 5 Day 8 Day 13 Day 17
0.0 210,569 305,048 279,556 500,634 611,542
2.5 121,082 106,815 108,882 201,676 195,356
5.0 223975 185,579 108,114 175,196 173,881

10.0 167,425 113,631 125,131 131,649 129,364
20.0 204,879 80,399 59,458 78,277 72,179
40.0 133,768 54,905 31,606 72,580 53,493

Addition of OvIFN<T produced a rapid, dose-dependent
decrease in reverse transcriptase (RT) activity (Table 4).
While concentrations as low as 0.62 ng/ml of IFNT mnhibited
viral replication, much higher concentrations (40 ng/ml)
having greater effects on RT-activity were without toxic
cifects on the cells. The results suggest that replication of the
feline 1mmunodeficiency virus was reduced significantly
compared to control values when cells were cultured 1n the
presence of OvIFNT.

IFNT appeared to exert no cytotoxic effect on the cells
hosting the retrovirus. This was true even when IFNtT was
present at 40 ng per ml of culture medium.

EXAMPLE 12

Effects of IFNT on HIV Infected Human Peripheral
Lymphocytes

IFNT was also tested for activity against HIV infection 1n
human cells. Human peripheral blood lymphocytes, which
had been infected with HIV (Crowe, et al.), were treated
with varying concentrations of OvIFNT. Replication of HIV
in peripheral blood lymphocytes was monitored by reverse
transcriptase activity in culture supernatants over time.
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Reverse transcriptase activity was measured essentially by
the method of Hoflman, et al. The data from these assays are
presented 1 Table 5.

TABLE 5

Effect of OVIFNT on HIV Replication 1n
Human Peripheral Lymphocytes

[FENT RT Activity
Concentration Day 6 Day 10
(ng/ml) cpm/ml % Reduction  cpm/ml % Reduction
0 4,214 — 25,994 —
10 2,046 51 9,883 62
50 1,794 57 4,962 81
100 1,770 58 3,012 88
500 1,686 60 2,670 90
1000 1,499 64 2,971 89

As shown 1n Table 5, concentrations of OvIFNT produced
significant antiviral effects. A concentration of only 10 ng/ml
resulted 1n over a 50% reduction 1n RT activity after only six
days. A concentration of 500 ng/ml resulted in a 90%
reduction 1n RT activity within 10 days.

The wviability of human peripheral blood lymphocytes
after treatment with IFN<T, over a range of concentrations for
3-13 days, was evaluated by trypan blue exclusion. The
results of this viability analysis are presented in Table 6.

TABLE 6

Effect of OvIFNT on Viability of HIV Infected
Human Peripheral Lymphocytes

[FNT
Concentration Viable Cells/ml x 10°

(ng/ml) Day 3 Day 6 Day 13

0 16.0 7.5 53

10 13.0 7.5 6.0

50 13.0 11.5 9.0

100 15.0 8.5 9.5

500 16.5 12.0 11.0

1000 21.9 9.5 8.5

The data presented 1n Table 6 show no evidence of
cytotoxic effects attributable to the administration of IFNT.

EXAMPLE 13

Inhibition of Cellular Growth

The effects of IFNT on cellular growth were also exam-
ined. Anti-cellular growth activity was examined using a
colony inhibition assay. Human amnion (WISH) or MDBK
cells were plated at low cell densities to form colonies
originating from single cells. Cells were cultured at 200 or
400 cells/well 1n 24 well plates in HMEM supplemented
with 2% fetal bovine serum (FBS) and essential and non-
essential amino acids. Various dilutions of interferons were
added to triplicate wells, and the plates were incubated for
8 days to allow colony formation. Colonies were visualized
after staining with crystal violet, and counted. Cell cycle
analysis was performed with HMEM containing 0.5%
“spent” media for an additional 7 days. WISH cells were
used without being synchronized.

For examination of IFNT activity, cells were replated at
2.5x10° cells/well in HMEM with 10% FBS in 6 well plates.
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Various dilutions of ovIFNT alone or in combination with
peptides were added to achieve a final volume of 1 ml. Plates
were incubated at 37° C. in 5% Co, for 12, 15, 18, 24, or 48
hours. Cells were treated with trypsin, collected by low
speed centrifugation and washed. The cell pellet was blotted
dry and 250 ul of nuclear staining solution (5 mg propidium
1odide, 0.3 ml NP40 and 0.1 yum sodium citrate in 100 ml
distilled H,O) was added to each tube. The tubes were
incubated at room temperature. After 10 minutes, 250 ul of
RNase (500 units/ml in 1.12% sodium citrate) was added per
tube and incubated an additional 20 minutes. Nucle1 were
filtered through 44 um mesh, and analyzed on a FACStar
(Becton Dickinson, Mountain View, Calif.) using the DNA
Star 2.0 software.

In the cellular growth assay using colony formation of
both the bovine epithelial line, MDBK, and the human
amniotic line, WISH, OvIFNT inhibited both colony size and
number. Ovine IFNT was more effective than human IFNa
on the human cell line; thus, it 1s very potent 1n cross-species
activity. Its activity was dose-dependent, and inhibition of
proliferation could be observed at concentrations as low as
1 unit/ml. Concentrations as high as 50,000 units/ml (units
of antiviral activity/ml) stopped proliferation, while cell
viability was not impaired.

Cell cycle analysis by flow cytometry with propidium
1odide-stained WISH cells revealed an increased proportion
of cells 1n G2/M after 48 hours of OvIFNT treatment. IFNT,
therefore, appears to inhibit progress of cells through S
phase. Ovine IFNT antiproliferative effects can be observed
as early as 12 hours after the initiation of culture and are
maintained through 6 days.

The results presented above demonstrate both the anti-
proliferative effect of IFNT as well as its low cytotoxicity.

EXAMPLE 14

Further Antiproliferative Effects of IFNT

The antiproliferative effects of OvIFNT were studied for
a rat cell line and a bovine cell line. The rate of
"H-thymidine incorporation was used to assess the rate of
cellular proliferation.

Rat (MtBr7 .c5) or bovine kidney (MDBK) cells were

secded 1n phenol red-free DME-F12 medium supplemented
with 3% dextran-coated charcoal stripped Controlled Pro-
cess Serum Replacement 2 (CPSR 2, Sigma) and 5%
dextran-coated charcoal stripped fetal bovine serum (FBS).
After attaching for approximately 15—18 hours, the cells
were washed once with serum-free DME-F12 medium. The
medium was replaced with phenol red-free DME-F12
medium supplemented with 3% stripped CPSR2, 1%
stripped FBS (“3/1” medium) or 3/1 medium containing
OvIFNT at various units of antiviral activity as determined
in the vesicular stomatitis virus challenge assay for inter-
ferons (Example 2). Media containing a similar dilution of
buffer (undiluted buffer=10 mM Tris, 330 mM NaCl, [TS]),

in which the OvVIFNT was dissolved was used for controls.

Cells were pulse labeled with *H-thymidine for 2 hours at
approximately 48 hours post-treatment. The trichloroacetic
acid (TCA) precipitable incorporated counts were deter-
mined by scinfillation counting. Three replicates were
included per treatment. Mean values for OvVIFNT treatments
were compared to samples containing comparable dilutions
of carrier TS buffer. Results of these experiments are shown

in Table 7.
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TABLE 7

SH-Thymidine Incorporation

% Reduction *H-Thymidine

Treatment [ncorporation
Experiment 1: MtBr7 .c5 (Rat)

3/1 —

10° u OVIFNt/ml 0 (+12)

1:5000 TS —

10% u OVIFNt/ml 24

1:500 TS —

10° OVIFNt/ml 87

Experiment 2: MDBK

3/1 —
10° u OVIFNT/ml 74
1:5000 TS —
10% u OvIFNt/ml 83
1:500 TS —
10° u OvIFNt/ml 83

As can be seen from Table 7, OvIFNT drastically reduced
the rate of cellular proliferation (based on thymidine
incorporation) for each of the cell lines tested.

EXAMPLE 15

Antiproliferative Effects of IFNT on Human Tumor
Cell Lines

The antiproliferative activity of OvIFNT on human tumor
cell lines was evaluated by measuring the rate of

*H-thymidine incorporation into cells which have been
treated with OvIFNT.

For experiments on tumor lines that grow 1n suspension,
1 ml of cells were plated at from 2.5-5x10° cells/well in
24-well plates. Triplicate wells received either the appropri-
ate media, 100, 1,000 or 10,000 units/ml of OvIFNT or
equivalent antiviral concentrations of rHulFNo2A (Lee
Biomolecular). After 48 hours of incubation, cells were
counted and viability assessed by trypan blue exclusion.

Adherent tumor lines were plated at 2.5x10° cells/well in
1 ml 1n 6-well plates. They received mterferon treatments as
just described, but were trypsinized prior to counting.

Significant differences between treatments were assessed
by an analysis of variance followed by Schetfe’s F-test. Cell
cycle analysis was performed by flow cytometry using
propidium 1odide.

A. Breast Adenocarcinoma Cells.

Human MCF7/ breast adenocarcinoma cells were seeded
from logarithmically growing cultures 1in phenol red-free
DME-F12 medium supplemented with 3% dextran-coated
charcoal stripped CPSR and 5% dextran-coated FBS. After
attaching for approximately 15-18 hours, the cells were
washed once with serum-free DME-F12 medium. The
medium was replaced with phenol red-free DME-F12
medium supplemented with 3% stripped CPSR2, 1%
stripped FBS (“3/1” medium) or 3/1 medium containing
OvIFNT at the indicated number of units of antiviral activity
as determined in the vesicular stomatitis virus challenge
assay for interferons. Media containing a similar dilution of
buffer (undiluted buffer=10 mM Tris, 330 mM NaCl [ TS])
was used for controls. Cells were pulse labeled with
*H-thymidine for 2 hours at approximately 48 hours post-
freatment.

The trichloroacetic acid (TCA) precipitable incorporated
counts were determined by scintillation counting. Three
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replicates were 1ncluded per treatment. Mean values for
OvIFNT treatments were compared to samples containing,
comparable dilutions of carrier TS buifer. The results of
these analyses are shown 1n Table 8.

TABLE 8

“H-Thymidine Incorporation

% Reduction "H-Thymidine

Treatment [ncorporation
MCF7 Human
3/1 —
10° u OVIFNT/ml 35
1:5000 TS —
10* u OvIFNt/ml 53
1:500 TS —
10° u OVIFNt/ml 70

As can be seen from the results shown 1n Table 8, OvIFNT
was able to substantially reduce the rate of “H-thymidine
incorporation 1n the human carcinoma cell line. This dem-
onstrates the efficacy of OvIFNtT i inhibiting tumor cell
proliferation, i particular, mammary tumor cell prolifera-
tion.

B. Human Promyelocytic Leukemia.

A comparison of the antiproliferative effects of OvIFNT
and IFNa was conducted using HL-60 (human leukemia)
cells (Foa, et al.; Todd, et al.) essentially as described above
for MDBK cells. Both OvIFNT and rHulFNca 1nhibit HL-60
cell proliferation. Results of one of three replicate experi-
ments are presented as mean % growth reduction + SD 1n
FIG. 4. FIG. 4 shows that both OvIFNT and IFNa were able
to drastically reduce growth of HL-60 cells. The growth
reduction for each compound exceeded 60% for each con-
centration tested. At 10,000 units/ml, OvIFNT caused an
approximately 80% reduction 1n growth while IFNa. caused
a 100% reduction 1n growth.

However, the data presented mm FIG. 4 reveal, that a
substantial factor 1n the ability of IFNa to reduce growth
was 1ts toxic effect on the cells. At 10,000 units/ml, the
toxicity of IFNa. resulted 1n less than 25% of the cells
remaining viable. By contrast, nearly 100% of the cells

remained viable when OvIFNT was applied at 10,000 units
ml.

FIG. 5 presents data demonstrating that rHulFNo 1s
cytotoxic. In the figure, results of one of three replicate
experiments are presented as mean % viability = SD.

C. Human Cutaneous T Cell Lymphoma.

The cutaneous T cell lymphoma, HUT 78, responded
similarly to HL-60 when treated with IFNt (FIG. 9). Both
OvIFNT and rHulFNa reduce HUT 78 cell growth, but
10,000 units/ml of rHulFNo decreased the cell number
below that originally plated (533 10°). This is indicative of
a reduction 1n cell viability to approximately 60%.

Cell cycle analysis (performed by cell flow cytometry)
revealed an increased proportion of cells in G2/M phase of
the cell cycle upon 48 hours of treatment with both inter-
ferons (Table 9). In Table 9 the results from one of three
replicate experiments are presented as the percentage of
cells in each phase of the cell cycle. 10,000 events were
analyzed per sample.

This result 1s likely due to the slower progress of cells
through the cell cycle. In the sample treated with 10,000
units/ml of rtHulFNq, a large percentage of events with low
forward and high side scatter, 1dentifying dead cells, were
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present. This 1s consistent with the data obtained from
proliferation experiments, where only OvIENT inhibited
HUT 78 proliferation without toxicity.

TABLE 9

HUT 78 Cell Cycle Analysis.

Treatment

(units/ml) G0/G1 S G2/M
Media 44.43 49.95 5.61
100 OvIFNT 44,35 47.45 8.20
100 rHulFNa 40.01 57.53 2.45
1,000 OvIFNT 41.29 50.50 8.21
1,000 rHulFNo 41.73 44.91 13.36
10,000 OvIENT 42.779 42.61 14.60
10,000 rHulFN« 18.01 71.31 10.67

(cell death)

D. Human T Cell Lymphoma.

The T cell lymphoma cell ine H9 was slightly less
sensifive to the antiproliferative effects of the IFNs than the
tumor cell lines described above. Results of one of three
replicate experiments are presented 1in FIG. 10 as mean %
orowth reduction £ SD. While rHulFNa was not toxic to the
HO9 cells, it failed to inhibit cell division significantly at any
of the concentrations examined. In contrast, OvIFNT was
observed to reduce H9 growth by approximately 60% (FIG.
10). Thus, only OVIFNT is an effective growth inhibitor of
this T cell lymphoma.

The results presented above demonstrate both the anti-
proliferative effect of IFNT as well as 1ts low cytotoxicity.

EXAMPLE 16

Preliminary In Vivo Treatment with OvIFNT

Three groups of 4 C57Bl/6 mice per group were given
2.5x10" B16-F10 cells via the tail vein: B16-F10 is a
syngenelc mouse transplantable tumor selected because of
its high incidence of pulmonary metastases (Poste, et al.,
1981). Interferon treatment was initiated 3 days after the
introduction of the tumor cells. Each mouse received 100 ul
of either PBS alone, PBS containing 1x10° units of OVIFNT,
or PBS containing 1x10° units of recombinant murine IFNa
(MulFNa), i.v. per day for 3 consecutive days.

Mice were sacrificed at 21 days and the lungs were
preserved 1 10% bullered formalin. The frequency of
pulmonary metastases were compared between control mice
(PBS), OvIFNt-treated mice, and MulFNa-treated mice.
The results of these 1 vivo administrations demonstrated
that OvIFNT dramatically reduced B16-F10 pulmonary
tumors. These results support the use of IFNT as an effica-
cious antineoplastic agent 1n vivo.

EXAMPLE 17

Competitive Binding of IFNT Peptide Fragments

A. The Ability of IFNT-Based Peptides to Block IFNT and
IFN-a Anfiviral Activity.

Overlapping synthetic peptides were synthesized corre-
sponding to the entire IFNtT sequence (FIG. 6). Average
hydropathicity values were calculated by taking the sum of
the hydropathy values for each amino acid divided by the
total number of amino acids in each sequence. Hydropathy
values were taken from Kyte, et al. (1982).

These peptides were of approximately the same molecular
weilght but differed slightly in overall hydrophilicity. Despite
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this difference, all peptides were antigenic as demonstrated
by the production of rabbit antisera with titers greater than

1:3,000 as assessed by ELISA (Harlow, et al.).

The peptides were used to inhibit the antiviral activity
(Example 2) of OvIFNT and rBolFNa. The results of this
analysis are presented 1n FIG. 12: 1 mM N- and C-terminal
peptides both effectively blocked the antiviral activity of
OvIFNT using MDBK cells. A third peptide, representing,
amino acids 62-92, also reduced IFNtT anfiviral activity
(70% 1inhibition). The peptide OvIFNT (119-150) showed

minimal inhibitory activity. The OvIFNt (34-64) and
(90-122) peptides had no apparent inhibitory activity.

Peptide inhibition of OvIFN<T anfiviral activity was also
examined as follows. Monolayers of Madin Darby bovine
kidney cells were incubated with 40 units/ml OvIFNT 1n the
presence or absence ol various concentrations of OvIFN<T
peptides (see FIG. 13). Results in FIG. 13 are expressed as
the percent of control anfiviral activity: that 1s, 1n the
absence of any competing peptide. Data presented are the
means of 6 replicate experiments. The data demonstrate that
inhibition by OvIFNt (1-37), (62-92), (119-150), and
(139-172) were significantly different than OvIFNT (34-64)
and (90-122) at 10—°M and 3x107°M. OVIFNt (139-172)
was significantly different than all other peptides at 107°M.
Significance was assessed by analysis of variance followed
by Scheffe’s F test at p<0.05. Thus, OVIFNT (1-37) (62-92),
(119-150), and (139-172), in particular (139-172), may
represent receptor binding regions for IFNT.

The ability of the OvIFNT peptides to inhibit bovine IFNa
(BolFNa) antiviral activity was examined as follows.
Monolayers of Madin Darby bovine kidney cells were
incubated with 40 units/ml bovine IFNa 1n the presence or
absence of various concentrations of OvIFNT peptides. The
results are presented 1n FIG. 14 and are expressed as the
percent of control anfiviral activity 1n the absence of OvIFN<T
peptides. The data presented are the means of 4 replicate
experiments. The results indicate that inhibition by OvIFNT

(62-92), (119-150), and (139-172) were significantly dif-
ferent from OvVIFNt (1-37), (34-64) and (90-122) at
10~°M. OvIFNT (139-172) was significantly different than
OVIFNT (1-37), (34—64) and (90-122) at 3x107°M. Signifi-
cance was assessed by analysis of variance followed by
Scheffe’s F test at p<0.05. Thus, OvIFNT (62-92),
(119-150), and (139-172), in particular (139-172), may
represent common receptor binding regions for IFNtT and
bovine IFNa.

Peptide inhibition by OvIFNT peptides of human IFNa.
antiviral activity was also examined. Monolayers of Madin
Darby bovine kidney cells were 1incubated with 40 units/ml
human IFNa 1n the presence or absence of various concen-
trations of OVIFNT peptides. The results are expressed as the
percent of control anfiviral activity 1n the absence of OvIFNT
peptides. The data are presented in FIG. 15 and are the
means of 3 replicate experiments. OVIFNT (139-172) was
significantly different from all other peptides at 107°M.
Significance was assessed by analysis of variance followed
by Scheffe’s F test at p<0.05. Thus, OvIFNT (139-172) may
represent a common receptor binding region for IFNtT and
various IFNa(s).

The OVIFNT peptides described above appear to have no
cilect on the antiviral activity of IFNy. Peptide inhibition of
bovine IFNy antiviral activity was evaluated as follows.
Monolayers of Madin Darby bovine kidney cells were
incubated with 40 units/ml bovine IFN gamma in the
presence or absence of various concentrations of OvIFN<T
peptides. Results are expressed as the percent of control
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antiviral activity 1n the absence of OvIFNT peptides. The
data are presented in FIG. 16 and are the means of 3 replicate
experiments. There were no significant differences among

peptides as assessed by analysis of variance followed by
Schetfe’s F test at p<0.05.

The two synthetic peptides OVIFNT (1-37) and OvIFNT
(139-172) also blocked OvIFNt anti-FIV and anti-HIV
activity. Reverse transcriptase (RT) activity (Examples 12
and 13) was monitored over a 14 day period in FIV-infected
FET-1 cells (1x10°/ml) and HIV-infected HPBL (1x10°/ml).
Control cultures received no OvIFNT. OvIFNT was used at
100 ng/ml, and peptides were used at 200 uM. Data from a
representative experiment are expressed as cpm/ml culture
supernatant and are presented for FIV infected cells, FIG.
11A, and HIV infected cells, FIG. 11B. Both the N- and
C-terminus of OvVIFNT appear to be mnvolved 1n its anti-
retroviral activity. While both peptides blocked FIV RT
activity, only the C-terminal peptide, OvIFNT (139-172),
was an efficient inhibitor of vesicular stomatitis virus activ-
ity on the feline cell line, Fc9. Thus the C-terminal regions
of type I IFNs may bind to common site on the type I IFN
receptor, while the N-terminal region may be 1nvolved 1n the
clicitation of unique functions.

B. Anti-Peptide Sera.

The ability of anti-peptide anftisera to inhibit OvIFN<T
antiviral activity was also determined. Antipeptide antisera
inhibition of OvVIFNT anftiviral activity was evaluated as
follows. Monolayers of MDBK cells were incubated with 20
units/ml of OvIFNT 1n the presence a 1:30 dilution of either
preimmune sera or antisera to each of the OvIFNT peptides
described above. In FIG. 17 the data from duplicate experi-
ments are presented as the mean percent inhibition of
OvIFNT antiviral activity produced by antipeptide antisera
relative to the appropriate preimmune sera + standard error.
Significant differences were assessed by analysis of variance
followed by Schefle’s F test at p<0.05. Consistent with
peptide inhibition of antiviral activities, sera containing,
antibodies immunoreactive to OvIFNT (1-37), OVIFNT
(62-92), and OvIFNT (139-172) were also the most effec-
tive inhibitors of OvIFNT anftiviral activity, with antibodies
directed against the N-terminal and C-terminal peptides
being the most efficacious.

The same sera were also used to examine their etfect on
the binding of IFN<T to its receptor.

The IFNT binding assay was carried out as follows. Five
ug of IFNtT was 1odinated for 2 minutes with 500 uCi of
Na'*°l (15 mCi/ug; Amersham corporation, Arlington
Heights, I11.) in 25 ul of 0.5M potassium phosphate buffer,

Treatment

Medium alone

[ENT

[FNt +IFNt(1-37)
[FNt +IFNT(34—64)
[FNt +IFNT(62-82)
[FNt +IFNTt(90-122)
[FNt +IFNT(119-150)
[FNt +IFNt(139-172)
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pH 7.4, and 10 ul of chloramine-T (5 mg/ml) (Griggs, et al.,
1992). The specific activity of the 1odinated protein was 137
uC1/ug. For binding assays, monolayers of MDBK cells
were fixed with paraformaldehyde and blocked with 5%
nonfat dry milk. Cells were incubated with 5 nM **>I-IFNt
in phosphate buffered saline with 1% BSA for 2 hours at 4°
C. 1n the presence or absence of a 1:30 dilution of sera
containing antibodies raised against IFNtT peptides or the
appropriate preimmune sera. Specific binding was assessed
by incubation with a 100-fold molar excess of unlabeled
[FNT. Specific binding of 36% was determined by compe-
titton with 500 nM unlabeled IFNtT. For example, total
counts bound were 6850x+133, and a 100-fold molar excess
of OVIFNT produced 4398158 counts per minute. After
incubation, the monolayers were washed three times, solu-
bilized with 1% sodium dodecyl sulfate, and the radioactiv-
ity counted. Data from three replicate experiments are
presented 1n FIG. 18 as the mean percent reduction of
OvIFNT speciiic binding produced by antipeptide antisera
relative to the appropriate preimmune sera = standard devia-
tion. Significant differences were assessed by analysis of
variance followed by Schelfle’s F test.

The same sera (containing antibodies immunoreactive to
OvIFNT (1-37), OvIFNT (62-92), and OVIENT (139-172))
were the most effective inhibitors of *=>I-IFN< binding to its
receptor on MDBK cells. The lack of effect of sera immu-
noreactive with other IFNt-derived peptides was not a
function of titer against OvIFNT, since each sera had equal
or greater titer to their respective peptide relative to the three
inhibiting sera: similar results were obtained when sera
reactivity against the whole OvIFNT molecule was assessed

by ELISA for each sera.

These peptides, although apparently binding to the mter-
feron receptor, did not 1n and of themselves elicit interferon-
like effects 1n the cells.

C. Anfi-Proliferative Activity.

Functionally important sites for the antiproliferative
activity of IFNT were also examined using synthetic pep-
tides (Table 10). Cellular proliferation was assayed as
described above using MDBK cells. MDBK cells were
cultured at 5x10° cells/well in experiments 1 and 2 or
10x10° cells in experiment 3 and treated with medium alone,
IFNT at a concentration of 300 units/ml and peptides at 1
mM for 48 hours. Duplicate wells were counted 1n each of
three replicate experiments. For statistical analysis, data
were normalized based on medium alone and assessed by
analysis of variance followed by Least Significant Differ-
ence multiplate comparison test (p>0.05).

TABLE 10

Peptide Inhibition of IFNt Antiproliferative Activity

Experiment 1 Experiment 2 Experiment 3

Cell Via- Cell Via- Cell Via-

Count bility Count bility Count bility
0.8 x 10° 00% 13.0 x 10° 06% 27.3 x 10° Q7%
5.0 x 10° 08% 5.6 x 10°  97% 8.3 x 10° 97%
6.3 x 10° 100% 10.6 x 10° 08% 13.4 x 10° 100%
53 x 10° 96% 6.9 x 10° 95% 16.0 x 10° 08%
6.5 x 10° 97% 9.2 x 10°  93% 8.9 x 10° 06%
59x%x 10° 100% 11.0x 10° 97% 19.6 x 10° 08%
8.4 x 10° 100% 132 x10° 96% 31.8x 10° 90%
5.1x 100 100% 12.7 x10° 98% 189 x 10° 08%
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When proliferation of MDBK cells was monitored over a
two-day period, cell number increased roughly 2-fold with
oreater than 95% wviability. Addition of 300 units/ml of
OvIFN<T enftirely eliminated cell proliferation without a
decrease in cell viability. Ovine IFNtT (119-150) was the

most elfective 1nhibitor of IFNT antiproliferative activity.

Antisera to IFNt (119-150), which inhibited binding of
OvIFNT to receptor, also reversed the OvIFENT antiprolif-
crative elfect. Several other peptides, notably IFN<T
(139-172), reversed the OvIFNT antiproliferative effect, but
to a lesser extent.

EXAMPLE 18

Further Analysis of the Cellular and Anti-Viral
Effects of IFNT

A. HIV Anti-Viral Effects.

The antiviral effects of IFNt against HIV were evaluated
by treating human PBMC cells with various amounts of
either recombinant ovine IFNT (r-OvIFNT) or recombinant
human IFNa2a at the time of infection with HIV. IFNt was
present throughout the experiment. At day 7 and day 14, p24
production was determined (by ELISA (Wang, et al., 1988,
1989) and compared to a zero drug control. The results of
this analysis are presented 1n Table 11.

TABLE 11

% %
Amounts of Drug Units/ml [nhibition [nhibition

[FNaZa [ENT

10

15

20

25

30

10
26

100
260

1,000
2,600

10,000
26,000
260,000

Day 7

58%, 48%
48%, 45%
68%, T4%
58%, 51%
89%, 86%
65%, 68%
90%, 86%
77%, 85%
85%, 84%

Day 14

91%, 91%
88%, 59%
94%, 91%
82%, 70%
97%, 93%
87%, 79%
99%, 99%
77%, 96%
96%, 86%

35

40

The data from these experiments support the conclusion
that, at relatively low concentrations, IFNca.2a and IFN7T are
cffective 1n reducing the replication of HIV in human
lymphocytes.

B. In vitro Cytotoxicity Test in PBMC’s

Human PBMC’s were seeded at 5x10° cells/ml. Cells

were stimulated at day O with 3 ug/ml PHA. Cells were

treated with recombinant human IFNa2A (at concentrations
of 10, 100, 1,000 and 10,000 units/ml) and IFNtT (at con-

centrations of 2.6, 26, 260, 2,600, 26,000, 260,000, and
2,600,000 units/ml) in 200 ul/wells (4 replicates of each
concentration using 96 well flat bottom plates). Control
cultures were given no interferons. After 4 days of
incubation, cells were pulsed for 9 hours using
*H-thymidine at 1 uCi/well. The cells were harvested and
the 1incorporation of labeled thymidine into DNA was deter-

mined (FIG. 8).

No cytotoxicity was observed by measuring the uptake of
thymidine at any concentration of IFNt. However,
rHulFNa2 was toxic to cells at 1,000 units/ml.

In a second experiment, the same human PBMC’s were
treated with either IFNT or human IFNa.2 A at concentrations
of 100 units/ml or 10,000 units/ml. After 3 days or 8 days of
incubation, viable cells were counted by flow cytometry.
The results of this analysis are presented 1n Table 12.
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TABLE 12
Number of Viable Cells x
10,000

Treatment (units/ml) Day 3 Day 8
No Treatment 735 840
[FNt 100 units/ml 745 K60
[FENT 10,000 units/ml 695 010
[FNa2a 100 units/ml 635 750
[FNa2a 10,000 units/ml 680 495

No cytotoxicity was observed 1n the cells treated with
[ENT. However, there was 10% cell death in IFNa2a treated
cells at Day 3 and 49% cell death at Day 8.

C. Inhibition of Hepatitis B Virus DNA Replication in
Hepatocytes

The cell line used, HepG2-T14, 1s a human cell that was
derived from liver cells transfected with Hepatitis B Virus
(HBV). The cell line semi-stably produces HBV virus: over
time the cell line’s production of HBV itracellular DNA
and secreted virus decreases. In order to maximize produc-
tion of HBV DNA and virus, the cells are pre-treated with
deAZA-C (5-azacytidine; Miyoshi, et al.) to induce produc-
tion of the virus. Treatment was for 2—3 days and the amount
of induction was about a factor of two.

The cells were then treated with either the IFNa and IFNT
at levels of 0, 5,000, 10,000, 20,000 and 40,000 units per ml.

All levels of either IFNa or IFNT reduced DNA produc-
tion by about a factor of 2 compared to the no drug control.

D. Inhibition of Hepatospecific Messenger RNA Produc-
tion in Hepatocytes

The hepatocyte cell line HepG2-T14 (described above)
was examined for the effects of IFNa and IFNt on

hepatospeciiic mRNA production. Cells were incubated 1n
concentrations of IFNa or IFNT at 0, 5,000, 10,000, 20,000,

and 40,000 units per ml. The messenger RNAs for the
hepatocyte specific proteins Apo E and Apo Al were

detected by hybridization analysis (Sambrook, et al;

Maniatis, et al.) using probes specific for these two mRNA’s
(Shoulders, et al., and Wallis, et al.).

No reduction of mRNA production was seen for Apo E or
Apo A1 mRNA production with up to 40,000 units of either
IFN¢@. or IFNT. This result suggests that the reduction of viral
DNA replication 1n previous experiments was not due to the
cifects of IFNs on cellular house-keeping activities; rather
the reduction was likely due to specific inhibition of viral
replication 1n the host cells.

E. In Vitro Toxacity of IFN{, IFNy and IFNT—IL1.929 Cell
Assay

The toxicity of IFN treatment was measured 1n vitro using,
the mouse L.929 cell line. 1.929 cells were treated with 6000
U/ml to 200,000 U/ml of either OvIFNT or MulFN{3. The
interferons were added at time zero and the cells were
incubated for 72 hours and stained with crystal violet. The
percentage of living cells was determined by measuring the
absorbance at 405 nm.

Exemplary data are shown 1n FIG. 21. Values are pre-
sented as percent viability = standard error in which 100

percent 1s equal to the viability of 1.929 cells treated with
media alone. At 6000 U/ml, IFNp-treated cells exhibited a

77.0+£0.6% wviability. Viability of 1.929 cells decreased as the
concentrations of IFN[3 increased 1n a dose-dependent man-
ner. In contrast, 1.929 cells showed no decrease 1n viability

at any of the IFNT concentrations tested. These data indicate
that, unlike IFNf, IFNT lacks toxicity at high concentrations
in Vvitro.
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Taken together, the results summarized above demon-
strate that IFNT 1s essentially non-toxic at concentrations at
which IFNp induces toxicity both 1n vitro and 1n vivo.

F. In Vivo Toxicity of IFNf3, IFNy and IFNT—Cell Counts
and Weight Changes

The effects of 1n vivo treatment with IFN<t, IFN{3 and
IFNc (10° U/injection) on total white blood cell (WBC),
total lymphocyte counts and weight measurements in NZW
mice were assessed as follows. Interferons (OvIFNT,
MulFNf, and MulFNa) were injected intraperitoneally
(i.p.) at a concentration of 10° U in a total volume of 0.2 ml
in PBS into groups of New Zealand White (NZW) mice
(Jackson Laboratories, Bar Harbor, Me.). Three to four
animals were 1ncluded m each group. White blood cell
(WBC) counts were determined before injection and at
selected timepoints thereafter (typically 12 and 24 hours)
using a hemocytometer and standard techniques. Differential
WBC counts were performed on Wright-Giemsa stained
blood smears. The Before injection, the weights of the
animals ranged from 20 to 23 grams. The results are
summarized 1n Table 13, below.

TABLE 13

10

15

20

IN VIVO TOXICITY OF INTERFERONS AS MEASURED
BY WHITE BL.OOD CELL COUNTS AND PERCENT WEIGHT CHANGE

Lympho-
cyte

Cell Count (Cell No. x 10°)

Before Injection 12 hr. after Injection

[FN  Total WBC  Lymphocytes  Total WBC  Lymphocytes

none 7.3 +1.0
T 6.7 0.7
o 7.0+14
Ct 6.0 0.8

6.4 + 0.7
59 = 0.6
6.0 + 0.5
52 = 0.7

8.0 = 0.8
6.7 + 0.5
6.8 =+ 0.8
4.8 + 0.5

7.1 0.7
5804
4.1 + (0.3
2.3 +0.2

No significant differences in WBC counts, lymphocyte
counts or weight change were observed between IFNT-
treated and untreated mice. In contrast, IFN{3-treated mice
exhibited a 31.7% depression in lymphocyte counts 12 hours
after 1njection, which continued for at least the next 12
hours. IFNa-treated mice exhibited a 55.8% lymphocyte
depression and significant weight loss 12 hours after injec-
tion. These data indicate that, unlike IFNP and IFNa, IFNT
lacks toxicity 1n vivo at the above concentrations as evi-
denced by peripheral blood cell counts and weight measure-
ments.

EXAMPLE 19

Isolation of Interferon-t Fusion Protein

Sepharose 4B beads conjugated with anti-beta galactosi-
dase 1s purchased from Promega. The beads are packed in 2

ml column and washed successively with phosphate-
buffered saline with 0.02% sodium azide and 10 ml TX

buffer (10 mM Tris buffer, pH 7.4, 1% aprotinin).

The IFNT coding sequence (e.g., SEQ ID NO:33, i.e.,
minus the nucleotides corresponding to the leader sequence)
1s cloned 1nto the polylinker site of lambda gtll. The IFNt
coding sequence 1s placed 1in-frame with the amino terminal
3-galactosidase coding sequences in lambda gtll. Lysogens
infected with gt11/IFNt are used to inoculate 500 ml of
NZYDT broth. The culture is incubated at 32° C. with
aeration to an O.D. of about 0.2 to 0.4, then brought to 43°

%

Depres-

S10N

0
1.7

31.7
55.8

40

45

50

55

60

65

50

C. quickly 1n a 43° C. water bath for 15 minutes to induce
ot11 peptide synthesis, and incubated further at 37° C. for 1
hour. The cells are pelleted by centrifugation, suspended 1n
10 ml of lysis buffer (10 mM Tris, pH 7.4 containing 2%
“TRITON X-100" and 1% aprotinin added just before use.

The resuspended cells are frozen 1n liquid nitrogen then
thawed, resulting 1n substantially complete cell lysis. The
lysate 1s treated with DNasel to digest bacterial and phage
DNA, as evidenced by a gradual loss of viscosity in the
lysate. Non-solubilized material is removed by centrifuga-
fion.

The clarified lysate material 1s loaded on the Sepharose
column, the ends of the column closed, and the column

placed on a rotary shaker for 2 hrs. at room temperature and
16 hours at 4° C. After the column settles, it 1s washed with
10 ml of TX buifer. The fused protein 1s eluted with 0.1M
carbonate/bicarbonate butler, pH10. Typically, 14 ml of the
clution buffer 1s passed through the column, and the fusion
protein 1s eluted 1n the first 4—6 ml of eluate.

The eluate containing the fusion protein is concentrated 1n
“CENTRICON-30" cartridges (Amicon, Danvers, Mass.).

% Weight
Change 24

Hours after

[njection

+0.5 = 0.7
+1.3 £ 0.5
-20.0 = 1.0
-85+ 2.0

The final protein concentrate 1s resuspended 1n, for example,
400 ul PBS buifer. Protein purity 1s analyzed by SDS-PAGE.

For polyclonal antibodies, the purified fused protein 1s
injected subcutancously 1n Freund’s adjuvant in a rabbat.
Approximately 1 mg of fused protein 1s mjected at days O
and 21, and rabbit serum 1s typically collected at 6 and 8
weeks.

EXAMPLE 20

Preparation of Anti-IFNT Antibody

A. Expression of Glutathione-S-Transferase Fusion Pro-
teins.

The IFNtT coding sequence (e.g., SEQ ID NO:33) is
cloned into the pGEX vector (Boyer, et al.; Frangioni, et al.;
Guan, et al.; Hakes, et al.; Smith, et al., 1988). The pGEX
vector (Smith, et al.) was modified by insertion of a throm-
bin cleavage sequence in-frame with the glutathione-S-
transferase protein (GST—sj26 coding sequence). This vec-
tor 1s designated pGEXthr. The IFNtT coding sequence 1is
placed in-frame with the sj26-thrombin coding sequences
(Guan, et al.; Hakes, et al.). The IFNT coding sequence insert
can be generated by the polymerase chain reaction using
PCR primers specific for the insert.

The IFNT fragment 1s ligated to the linearized pGEXthr
vector. The ligation mixture 1s transformed into E. coli and
ampicillin resistant colonies are selected. Plasmids are 1so0-
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lated from the ampicillin resistant colonies and analyzed by
restriction enzyme digestion to i1dentify clones containing
the IFNT insert (vector designated pGEXthr-IFNT).

E. coli strain XL-I Blue 1s transformed with pGEXthr-
IENT and i1s grown at 37° C. overnight. DNA is prepared
from randomly-picked colonies. The presence of the insert
coding sequence is typically confirmed by (1) restriction
digest mapping, (i1) hybridization screening using labelled
I[FNT probes (i.e., Southern analysis), or (1i1) direct DNA
sequence analysis.

B. Partial Purification of Fusion Proteins.

A pGEXthr-IFNT clone 1s grown overnight. The overnight
culture 1s diluted 1:10 with LB medium containing ampi-
cillin and grown for one hour at 37° C. Alternatively, the

overnight culture 1s diluted 1:100 and grown to OD of
0.5-1.0 before addition of IPTG (isopropylthio-f3-

galactoside). IPTG (GIBCO-BRL, Gaithersburg Md.) is
added to a final concentration of 0.2-0.5 mM {for the
induction of protein expression and the incubation 1s typi-
cally continued for 2-5 hours, preferably 3.5 hours.

Bacterial cells are harvested by centrifugation and resus-
pended in 1/100 culture volume of MTPBS (150 mM Nad(l,

16 mM Na,HPO,, 4 mM NaH,PO,). Cells are lysed by
lysozyme, sonication or French press, and lysates cleared of
cellular debris by centrifugation.

An aliquot of the supernatant obtained from IPTG-
induced cultures of pGEXthr-IFNt-containing cells and an
aliquot of the supernatant obtained from IPTG-induced
cultures of pGEXthr-vector alone are analyzed by SDS-
polyacrylamide gel electrophoresis followed by Western
blotting, as described below.

If necessary, the extracts can be concentrated by ultrafil-
tration using, for example, a “CENTRICON 10~ filter.

Alternatively, the fusion proteins are partially purified
over a glutathione agarose afhinity column as described in
detail by Smith, et al. In this method, 100 ml cultures are
orown overnight. The cultures are diluted to 1 liter, and the
cells grown another hour at 37° C. Expression of the fusion
protemns 1s mnduced using IPTG. The induced cultures are
grown at 37° C. for 3.5 hours. Cells are harvested and a
sonicator used to lyse the cells. Cellular debris 1s pelleted
and the clear lysate loaded onto a glutathione

SEQUENCE LISTING

(1) GENERAL INFORMATION:

(111) NUMBER OF SEQUENCES: 44

(2) INFORMATION FOR SEQ ID NO:1l:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 516 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: circular

(11i) MOLECULE TYPE: DNA

(111) HYPOTHETICAL: NO

(1v) ANTI-SENSE: NO

ORIGINAL SOURCE:
(A) ORGANISM: Ovis aries
(B) STRAIN: Domestic

(Vi)
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“SEPHAROSE” column. The column 1s washed with sev-
eral column volumes. The fusion protein 1s eluted from the
athinity column with reduced glutathione and dialyzed. The
IFNT can be liberated from the hybrid protemn by treatment
with thrombin. The sj26 and IFNt fragments of the hybrid
protein can then be separated by size fractionation over
columns or on gels.

Alternatively, the IFNT portion of the hybrid protein is
released from the column by treatment with thrombin
(Guan, et al.; Hakes, et al.).

C. Antibodies Against the Fusion Protein.

The purified S;j26/IFNt fused protein 1s 1njected subcu-
taneously 1in Freund’s adjuvant 1n a rabbit. Approximately 1
mg of fused protein 1s mjected at days O and 21, and rabbat
serum 15 typically collected at 6 and 8 weeks. A second
rabbit 1s similarly immunized with purified Sj26 protein
obtained from control bacterial lysate.

Minilysates from the following bacterial cultures are
prepared: (1) KM392 cells infected with pGEXthr and
pGEXthr containing the IFNt isert; and (2) cells mfected
with lambda gtll containing the IFN<T insert. The minily-
sates and a commercial source [-galactosidase are fraction-
ated by SDS-PAGE, and the bands transferred to nitrocel-
lulose filters for Western blotting (Sambrook, et al.; Ausubel,
et al.).

Summarizing the expected results, serum from control
(S726) rabbits 1s immunoreactive with each of the S126 and
S126 fused protein antigens. Serum from the animal immu-
nized with S126/IFNw fused protein 1s reactive with all 51-26
and beta-gal fusion proteins containing IFNtT coding
sequences, Indicating the presence of specific immunoreac-
tion with the IFNT antigen. None of the sera are expected to
be 1mmunoreactive with beta-galactosidase.

Anfti-IFNT antibody present in the sera from the animal
immunized with the S$;26/IFN< 1s purified by affinity chro-
matography (using immobilized recombinantly produced
IFNT as ligand, essentially as described above in Example
12 for the anti-beta-galactosidase antibody).

While the invention has been described with reference to
specific methods and embodiments, 1t will be appreciated
that various modifications and changes may be made with-
out departing from the invention.
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CTG
Leu

CGG
Arg

CAA
Gln

TTC
Phe
65

CTT
Leu

GAC
Asp

AAC
Asn

GAC

CGC
Arg
145

CGG
Arg

(2)

(vil)

(1x)

(X)

(D) DEVELOPMENTAIL STAGE: Blastula (blastocyst)
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(F) TISSUE TYPE: Trophectoderm

(G) CELL TYPE: Mononuclear trophectoderm cells
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Interferon Ovine Trophoblast

Protein-1:Purification and Antiviral Activity
JOURNAL: J. Interferon Res.
VOLUME :
PAGES @
DATE :

RELEVANT RESIDUES IN SEQ ID NO:1:

11
357-364
1891

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:1l:

TAC

AAC
Asn

CTA
Leu

ACT
Thr

ATG
Met

TAC
Tyr
130

GTT
val

TTA
Leu

INFORMATION FOR SEQ ID NO:2:

CTG
Leu

GAC
Asp

GAC
Asp
35

GAC

Asp

CTG
Leu

GAA
Glu

TGC

GAT
Asp
115

CTG
Leu

GAA
Glu

ACT
Thr

TCG
Ser

CGT
Arg
20

TTC
Phe

CAA
Gln

TTC
Phe

CAA
Gln

CGT
Arqg
100

CCG
Pro

CAG
Gln

ATG
Met

CGA
Arg
5

ATG
Met

GGT
Gly

GCT
Ala

TAC

CTG
Leu
85

GGC
Gly

ATC
Tle

GAA
Glu

ATG
Met

ATG
Met
165

AARA
Lys

AAT
Asn

CTG
Leu

TTC
Phe

ACT
Thr
70

TGC

CAG
Gln

GTT
val

CGG
Arg
150

GGT
Gly

CTG
Leu

CGA

CCG
Pro

CCG
Pro
55

GAA
Glu

ACT
Thr

G'ITT
val

ACT
Thr

GGT
Gly
135

GCC
Ala

GGT
Gly

ATG
Met

TT(G
Leu

CAG
Gln
40

GTA
val

CAT
His

GGT
Gly

ATG
Met

GTT
val
120

TAC

Tyr

CTG
Leu

GAC
Asp

CTG
Leu

TCT
Ser
25

GAA
Glu

CTG
Leu

TCT
Ser

CTG
Leu

GGT
Gly
105

TCT
Ser

ACT
Thr

CTG
Leu

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:

GAC
Asp
10

CCG
Pro

ATG
Met

TAT

TCG
Ser

CAA
Gln
90

GAA
Glu

GAC
Asp

GTG
val

AAT
Asn
170

172 amino acids

GCT
Ala

CAC
His

GT'T
val

GAA
Glu

SCC
Ala
75

CAG
Gln

GAA
Glu

TCG
Ser
155

TCT
Ser

CGA
Arg

AGC
Ser

GAA
Glu

ATG
Met
60

GCT
Ala

CAA
Gln

GAC
Asp

TTC
Phe

GCT
Ala
140

ACT
Thr

CCG
Pro

FROM 1 TO 516

GAA
Glu

TGC

GGT
Gly
15

CTG
Leu

TGG
Trp

CTG
Leu

TCT
Ser

CAG
Gln
125

TGG

Trp

ACT
Thr

AAT
Asn

CTG
Leu
30

GAC
Asp

CAG
Gln

GAC
Asp

GAC
Asp

GAA
Glu
110

GGT
Gly

GAA
Glu

CTG
Leu

TTA

Leu
15

CAA
Gln

CAA
Gln

CAG
Gln

ACT
Thr

CAT
His
95

CTG
Leu

ATC
Tle

ATC
Tle

CAA
Gln

GAC
Asp

CTG
Leu

TCT
Ser

ACT
Thr
80

CTG
Leu

GGT
Gly

TAC
Tyr

GTA
val

Lys
160

48

96

144

192

240

288

336

384

432

480

516

54



Arg

Gln

Phe

65

Leu

Asp

Asn

Asp

Arg

145

Arg

(2)

TGETGACTTGT CTCAAAACCA CGTTTTGGTT GGTAGAAAGA

(B) TYPE:
(D) TOPOLOGY:

33

amino acid
linear

(11) MOLECULE TYPE: proteiln

(vi) ORIGINAL SOURCE:

(C) INDIVIDUAL ISOLATE: amino acid sequence of a mature
OvIFNtau proteiln

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Tyr Leu Ser Arg

Leu

Lys

50

Asn

Leu

Thr

Met

Tyr

130

val

Leu

INFORMATION FOR SEQ ID NO:3:

Asp

Asp

35

Asp

Leu

Glu

Asp
115

Leu

Glu

Thr

Arqg

20

Phe

Gln

Phe

Gln

Arqg

100

Pro

Gln

Met

5

Met

Gly

Ala

Tyr

Leu

85

Gly

Tle

Glu

Met

Met
165

Lys Leu Met Leu Asp Ala

Asn

Leu

Phe

Thr

70

Gln

val

Arg
150

Gly

Arg

Pro

Pro

55

Glu

Thr

val

Thr

Gly

135

Ala

Gly

Leu

Gln

40

vVal

His

Gly

Met

Val

120

Tyr

Leu

Asp

Ser

25

Glu

Leu

Ser

Leu

Gly

105

Ser

Thr

Leu

(1) SEQUENCE CHARACTERISTICS:

(&)
(B)
(C)
(D)

TYPE:

linear

(11) MOLECULE TYPE: cDNA

(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: synthetic nucleotide sequence encoding

LENGTH: 516 base pailirs
nucleilc acid

STRANDEDNESS: single
TOPOLOGY :

10

Pro

Met

Ser

Gln
90

Glu

Asp

val

Asn
170

His

Val

Glu

Ala

75

Gln

Glu

Ser
155

Ser

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:3:

ATGAGACGTC

GAAATGGTTG

TTGCAACAAA

TTGTTGGAAC

GGTCAAGTTA

AAGAGATACT

TGGGAAACCG

AGATTACGTA

TATCTCCACG

AAGGTGGCCA

GCTTCAACTT

AGCTCAGAAC

TGGGETGAAGA

TCCAAGGTAT

TGCGETCTAGA

TGATGGACGG

CTTCTGTCTA

ACTACAAGAA

GTTCCACACC

CGGTTTGCAC

AGACTCTGCT

CCACGTTTAC

AATCATGCGET

TGACTTGETCG

CAAGACAGAA

GCTCAAGCGA

GAACACTCTT

CAACAATTGG

CTCGGGAGAA

TTGAAGGAAA

AGCTTCTCTT

AGCCCA
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Ser

Glu

Met

60

Ala

Gln

Asp

Phe

Ala

140

Thr

Pro

ACTTAAGACT ACTAGACGAA

AGGACTTCGC TTTGCCTCAG

TATCTGTTTT GCACGAAATG

CGGCCGLCTTG GGACACCACC

ACAACTTGGA TGCATGTTTG

CCGGETCCAAC GCTAGCTTTG

AGGGTTACTC TGACTGTGCT

CTTTGATCAG CTTGCAAGAA

Glu

Gly
15

Leu

Trp

Leu

Ser

Gln
125

Trp

Thr

Asn

Leu

30

Asp

Gln

Asp

Asp

Glu

110

Gly

Glu

Leu

Leu

15

Gln

Gln

Gln

Thr

His

95

Leu

Tle

Ile

Gln

Asp

Leu

Ser

Thr

80

Leu

Gly

Tyr

Val

Lys
160

a mature human interferon-tau protein, HuIFNtaul.

60

120

180

240

300

360

420

480

516

56



(2) INFORMATION FOR SEQ ID NO:4:

Gln

Phe
65

Leu

val

Arg
145

(2)

Leu

Arg

(2)

S7

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:

(B) TYPE:

amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY:

linear

(11) MOLECULE TYPE: proteln

(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: amino acid sequence for a

172 amino acids

HuIFNtau protein, HuIFNtaul.

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:4:

Asp Leu Ser Gln Asn His Val Leu Val Gly

Leu

Glu

50

Asn

Leu

Ala

Thr

Tyr

130

Leu

Leu

INFORMATION FOR SEQ ID NO:5:

Asp
Asp
35

Ala

Leu

Glu

Gly
115

Leu

Glu

Glu

20

Phe

Gln

Phe

Gln

Leu

100

Pro

Tle

Arg Met

5

Met

Ala

Ala

His

Leu

85

Gly

Thr

Glu

Met

Met
165

Arg

Leu

Tle

Thr

70

Arg

Gln

Leu

Arg
150

Arg

Pro

Ser

55

Glu

Thr

val

Ala

Gly

135

Ser

Gly

Leu

Gln

40

Val

His

Gly

Met

Leu

120

Phe

Asp

Ser

25

Glu

Leu

Ser

Leu

Gly

105

Ser

Ser

Leu

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:

(B) TYPE:

(D)

amino acid
linear

TOPOLOGY ¢

(11i) MOLECULE TYPE: proteiln

(vi) ORIGINAL SOURCE:

(C) INDIVIDUAL ISOLATE: amino acilid sequence of fragment 1-37
of SEQ ID NO:2

37 amlino acids

10

Pro

Met

His

Ser

His

90

Glu

Asp

Ser

Ser
170

Arqg

vVal

Glu

Ala

75

Gln

Glu

Tyr

Leu
155

Ser

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:5:
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Arg

Phe

Glu

Met

60

Ala

Gln

Asp

Phe

Ala

140

Tle

Pro

Gly
45

Leu
Trp
Leu
Ser
Gln
125

Trp

Ser

Asn

Leu

30

Gly

Gln

Asp

Asp

Ala

110

Gly

Glu

Leu

Leu

15

Gln

Gln

Gln

Thr

Asn

95

Leu

Ile

Thr

Gln

mature

Arg

Asp

Leu

Ser

Thr

80

Leu

Gly

His

vVal

Glu
160

Tyr Leu Ser Arg Lys Leu Met Leu Asp Ala Arg Glu Asn Leu Lys

5

10

15

Leu Asp Arg Met Asn Arg Leu Ser Pro His Ser Cys Leu Gln Asp

20

Lys Asp Phe Gly

INFORMATION FOR SEQ ID NO:6:

35

25

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:

(B) TYPE:

amino acid

31 amlino acids

30
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(D) TOPOLOGY: linear
(11) MOLECULE TYPE: proteilin

(vi) ORIGINAL SOURCE:

(C) INDIVIDUAL ISOLATE: amino acid sequence of fragment 34-64
of SEQ ID NO:2

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:6:

Lys Asp Phe Gly Leu Pro Gln Glu Met Val Glu Gly Asp Gln Leu Gln
5 10 15

Lys Asp Gln Ala Phe Pro Val Leu Tyr Glu Met Leu Gln Gln Ser
20 25 30
(2) INFORMATION FOR SEQ ID NO:7/:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: proteilin

(vi) ORIGINAL SOURCE:

(C) INDIVIDUAL ISOLATE: amino acilid sequence of fragment
62-92 of SEQ ID NO:2

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:7:

Gln Gln Ser Phe Asn Leu Phe Tyr Thr Glu His Ser Ser Ala Ala Trp
5 10 15

Asp Thr Thr Leu Leu Glu Gln Leu Cys Thr Gly Leu Gln Gln Gln
20 25 30
(2) INFORMATION FOR SEQ ID NO:8:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(11i) MOLECULE TYPE: proteiln

(vi) ORIGINAL SOURCE:

(C) INDIVIDUAL ISOLATE: amino acilid sequence of fragment
90-122 of SEQ ID NO:2

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:8:

Gln Gln Gln Leu Asp His Leu Asp Thr Cys Arg Gly Gln Val Met Gly
5 10 15

Glu Glu Asp Ser Glu Leu Gly Asn Met Asp Pro Ile Val Thr Val Lys
20 25 30

Lys

(2) INFORMATION FOR SEQ ID NO:9:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: proteilin

(vi) ORIGINAL SOURCE:

(C) INDIVIDUAL ISOLATE: amino acilid sequence of fragment
119-150 of SEQ ID NO:2

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:9:

Thr Val Lys Lys Tyr Phe Gln Gly Ile Tyr Asp Tyr Leu Gln Glu Lys
5 10 15
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Gly Tyr Ser Asp Cys Ala Trp Glu Ile Val Arg Val Glu Met Met Arg
20 25 30

(2) INFORMATION FOR SEQ ID NO:10:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: proteiln

(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: amino acid sequence of fragment
139-172 of SEQ ID NO:2

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:10:

Cys Ala Trp Glu Ile Val Arg Val Glu Met Met Arg Ala Leu Thr Val
5 10 15

Ser Thr Thr Leu Gln Lys Arg Leu Thr Lys Met Gly Gly Asp Leu Asn
20 25 30

Ser Pro

(2) INFORMATION FOR SEQ ID NO:11:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 588 base pairs
(B) TYPE: nucleilic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(111) HYPOTHETICAL: NO
(1v) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:

(C) INDIVIDUAL ISOLATE: HuIlIFNtaul Human Interferon Tau coding

sequence with a leader sequence.

(ix) FEATURE:

ATG
Met

GGC
Gly

GTT
val

CCT
Pro

ATG
Met
65

CAT

His

TCT
Ser

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:11:

GCC
Ala

CCA
Pro

GGC
Gly

CGC
Arg
50

GTG
val

GAG
Glu

GCT
Ala

(A) NAME/KEY: CDS
(B) LOCATION:

TTC
Phe

GGA
Gly

AGG
Arg
35

TTT
Phe

GAG
Glu

ATG
Met

GCC
Ala

GTG
val

GGA
Gly
20

AAG

Lys

TGT

GGC
Gly

CTC
Leu

TGG
Trp
100

CTC
Leu
5

TCC
Ser

AAC
Asn

CTG
Leu

GGC
Gly

CAG
Gln
85

GAC
Asp

TCT
Ser

CTG
Leu

CTC
Leu

CAG
Gln

CAG
Gln
70

CAG
Gln

ACC
Thr

l..585

CTA
Leu

GGT
Gly

AGG
Arg

GAC
Asp
55

CTC

Leu

AGC
Ser

ACC
Thr

CTC
Leu

TGT

CTC

Leu
40

AGA

Arg

CAG
Gln

TTC
Phe

CTC
Leu

ATG
Met

GAC
Asp
25

CTG
Leu

GAG
Glu

AAC
Asn

CTG

Leu
105

GCC
Ala
10

CTG
Leu

GAC
Asp

GAC
Asp

GCC
Ala

CTC

Leu
90

GAG
Glu

CTG
Leu

TCT
Ser

GAA
Glu

TTC
Phe

CAG
Gln
75

TTC
Phe

CAG
Gln

GTG
val

CAG
Gln

ATG
Met

GCT
Ala
60

GCC
Ala

CAC
His

CTC
Leu

CTG
Leu

AAC
Asn

AGG
Arg
45

TTA
Leu

ATC
ITle

ACA
Thr

CGC

GTC
val

CAC
His
30

AGA
Arg

CCC
Pro

TCT
Ser

GAG
Glu

ACT
Thr
110

AGC
Ser
15

GTG
val

CTC
Leu

CAG
Gln

GTG
val

CAC
His
95

GGA
Gly

TAC
Tyr

CTG
Leu

TCC
Ser

GAA
Glu

CTC

Leu
80

TCC

Ser

CTC
Leu

48

96

144

192

240

288

336

62



CAT
His

GAG
Glu

AGG
Arg
145

GAC

Asp

TCA
Ser

AGC
Ser

(2)

Met

Gly

val

Pro

Met

65

His

Ser

His

Glu

Arg

145

Asp

Ser

Ser

CAG
Gln

GAA
Glu
130

TTA
Leu

TCA
Ser

CAG
Gln
115

GAC
Asp

TTC
Phe

GCC
Ala

ATC
Tle

CCT
Pro
195

CTG
Leu

TCT
Ser

CAG
Gln

TGG
Trp

AGC
Ser
180

TGA

INFORMATION

GAC
Asp

GCC
Ala

GGC
Gly

GAA
Glu
165

TTG
Leu

FOR

AAC
Asn

CTG
Leu

ATC
Tle
150

ACC
Thr

CAA
Gln

SEQ

63

CTG
Leu

GGA
Gly
135

CAT

His

GTC
val

GAA
Glu

GAT
Asp
120

AGG

GTC
val

AGA
Arg

AGG

GCC
Ala

ACG
Thr

TAC

CTG
Leu

TTA
Leu
185

ID NO:12:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:

(B) TYPE:

(D)

amino acid
linear

TOPOLOGY ¢

(11i) MOLECULE TYPE: proteiln

(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: predicted amino acid coding seguence

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:12:

Ala Phe Val Leu

Pro

Gly

Arg

50

val

Glu

Ala

Gln

Glu
130

Leu

Ser

Gly

Arg

35

Phe

Glu

Met

Ala

Gln

115

Asp

Phe

Ala

Ile

Pro
195

Gly
20

Gly

Leu

Trp

100

Leu

Ser

Gln

Trp

Ser
180

5

Ser

Asn

Leu

Gly

Gln

85

Asp

Asp

Ala

Gly

Glu

165

Leu

Ser

Leu

Leu

Gln

Gln

70

Gln

Thr

Asn

Leu

Tle

150

Thr

Gln

Leu

Gly

Arg

Asp

55

Leu

Ser

Thr

Leu

Gly

135

His

val

Glu

TGC

GGC
Gly

CTG
Leu

GAA
Glu
170

AGA

195 amino acids

CTG
Leu

CCC
Pro

Lys
155

ATC
Tle

ATG
Met

of SEQ ID NO:11 (HuIlIFNtaul).

5,942,223

—continued

GGG
Gly

ACC
Thr
140

GAG
Glu

ATG
Met

ATG
Met

Leu Met Ala Leu Val

Gln

Phe

Leu

Asp

120

val

Arg

Arg

Asp

25

Leu

Lys

Glu

Asn

Leu

105

Ala

Thr

Leu

Leu
185

10

Leu

Asp

Asp

Ala

Leu

90

Glu

Gly

Leu

Glu
170

Arg

Ser

Glu

Phe

Gln

75

Phe

Gln

Leu

Pro

Lys

155

Tle

Met

Gln

Met

Ala

60

Ala

His

Leu

Gly

Thr

140

Glu

Met

Met

CAG
Gln
125

CTG

Leu

AAG

AGA
Arg

GAT

Leu

Asn

Arg

45

Leu

Tle

Thr

Arg

Gln

125

Leu

Arg

Asp

GTG
val

GCT
Ala

GGA
Gly

TCC
Ser

GGA
Gly
190

Val

His

30

Arg

Pro

Ser

Glu

Thr

110

vVal

Ala

Gly

Ser

Gly
190

ATG
Met

CTG
Leu

TAC

TTC
Phe
175

GAC
Asp

Ser

15

val

Leu

Gln

val

His

95

Gly

Met

Leu

Phe
175

Asp

GGA
Gly

AAG

AGC
Ser
160

TC'T
Ser

CTG
Leu

Leu

Ser

Glu

Leu

80

Ser

Leu

Gly

Ser
160

Ser

Leu

384

432

480

528

576

588

64



5,942,223
65

—continued

(2) INFORMATION FOR SEQ ID NO:13:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (synthetic)

(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: 25-mer synthetic oligonucleotide

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:13:

CCTGTCTGCA GGACAGAAAA GACTT 25

(2) INFORMATION FOR SEQ ID NO:14:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 bases
(B) TYPE: nucleilc acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(1i) MOLECULE TYPE: DNA (synthetic)

(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: 25-mer synthetic oligonucleotide

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:14:

TCTGAATTCT GACGATTTCC CAGGC 25

(2) INFORMATION FOR SEQ ID NO:15:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 37 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(1i) MOLECULE TYPE: peptide
(111) HYPOTHETICAL: NO
(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: Amino acilid sequence of fragment
1-37 of SEQ ID NO:4

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:15:

Cys Asp Leu Ser Gln Asn His Val Leu Val Gly Arg Lys Asn Leu Arg
1 5 10 15

Leu Leu Asp Glu Met Arg Arg Leu Ser Pro Arg Phe Cys Leu Gln Asp
20 25 30

Arg Lys Asp Phe Ala
35
(2) INFORMATION FOR SEQ ID NO:16:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(1i) MOLECULE TYPE: peptide
(111) HYPOTHETICAL: NO
(vi) ORIGINAL SOURCE:

(C) INDIVIDUAL ISOLATE: Amino acid sequence of fragment
34-64 of SEQ ID NO:4

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:16:

66



5,942,223
67

—continued

Lys Asp Phe Ala Leu Pro Gln Glu Met Val Glu Gly Gly Gln Leu Gln
1 5 10 15

Glu Ala Gln Ala Ile Ser Val Leu His Glu Met Leu Gln Gln Ser
20 25 30
(2) INFORMATION FOR SEQ ID NO:17:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(1i) MOLECULE TYPE: peptide

(111) HYPOTHETICAL: NO

(vi) ORIGINAL SOURCE:

(C) INDIVIDUAL ISOLATE: Amino acid sequence of fragment
62-92 of SEQ ID NO:4

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:17:

Gln Gln Ser Phe Asn Leu Phe His Thr Glu His Ser Ser Ala Ala Trp
1 D 10 15

Asp Thr Thr Leu Leu Glu Gln Leu Arg Thr Gly Leu His Gln Gln
20 25 30
(2) INFORMATION FOR SEQ ID NO:18:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(1i) MOLECULE TYPE: peptide
(111) HYPOTHETICAL: NO
(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: Amino acid sequence of fragment
90-122 of SEQ ID NO:4

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:18:

His Gln Gln Leu Asp Asn Leu Asp Ala Cys Leu Gly Gln Val Met Gly
1 5 10 15

Glu Glu Asp Ser Ala Leu Gly Arg Thr Gly Pro Thr Leu Ala Leu Lys
20 25 30

Arg

(2) INFORMATION FOR SEQ ID NO:19:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(1i) MOLECULE TYPE: peptide
(111) HYPOTHETICAL: NO

(vi) ORIGINAL SOURCE:

(C) INDIVIDUAL ISOLATE: Amino acid sequence of fragment
119-150 of SEQ ID NO:4

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:19:

Ala Leu Lys Arg Tyr Phe Gln Gly Ile His Val Tyr Leu Lys Glu Lys
1 5 10 15

Gly Tyr Ser Asp Cys Ala Trp Glu Thr Val Arg Leu Glu Ile Met Arqg
20 25 30
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(2) INFORMATION FOR SEQ ID NO:20:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO

(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: Amino acid sequence of fragment
139-172 of SEQ ID NO:4

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:20:

Cys Ala Trp Glu Thr Val Arg Leu Glu Ile Met Arg Ser Phe Ser Ser
1 5 10 15

Leu Ile Ser Leu Gln Glu Arg Leu Arg Met Met Asp Gly Asp Leu Ser
20 25 30

Ser Pro

(2) INFORMATION FOR SEQ ID NO:21:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 299 base pairs
(B) TYPE: nucleilc acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

MOLECULE TYPE:

(ii) cDNA to mRNA

(111) HYPOTHETICAL: NO
(1v) ANTI-SENSE: NO

ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE:

(vi)
HuIFNtaué

(ix) FEATURE:

C CAG GAG ATG GTG GAG GGC GGC CAG CTC CAG GAG

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:21:

(A) NAME/KEY: CDS
(B) LOCATION:

2..298

GCC CAG GCC ATC

Gln Glu Met Val Glu Gly Gly Gln Leu Gln Glu Ala Gln Ala Ile

TCT
Ser

GAG
Glu

ACT
Thr

GTG
vVal

GCC
Ala
80

GGA
Gly

(2)

1

GTG
val

CGC
Arg

GGA
Gly

ACG
Thr
65

GTG
val

TAC
Tyr

CTC
Leu

TCC
Ser

CTC
Leu
50

GGA
Gly

AAG

AGC
Ser

CAC
His

TCT
Ser
35

CAT

His

GAG
Glu

AGC
Ser

GAC
Asp

INFORMATION

AAG
Lys
20

GCT
Ala

CAG
Gln

GAA
Glu

FOR

5

ATG
Met

GCC
Ala

CAG
Gln

GAC

TTC
Phe
85

SEQ

CTC
Leu

TGG
Trp

CTG
Leu

TCT
Ser
70

CAG
Gln

CAG
Gln

GAC
Asp

GAT
Asp
355

GCC
Ala

GGC
Gly

CAG
Gln

ACC
Thr
40

GAC

Asp

CTG
Leu

ATC
Ile

ID NO:22:

AGC

Ser
25

ACC
Thr

CTG
Leu

GGA
Gly

CAT
His

10

'TTC
Phe

CTC
Leu

GAC
Asp

AGG

ATC
Tle
90

AAC
Asn

CTG
Leu

GCC
Ala

ACG
Thr
75

TAC

CTC
Leu

GAG
Glu

TGC
Cys
60

GGC
Gly

CTG
Leu

TTC
Phe

CAG
Gln
45

CTG
Leu

CCC
Pro

CAA
Gln

CAC
His
30

CTC
Leu

GGG
Gly

ACC
Thr

GAG
Glu

15

ACA
Thr

CGC

CAG
Gln

CTG
Leu

AAG
Lys
95

46

94

142

190

238

286

299



Gln

val

Gly
Thr
65

val

(2)

C CAG GAG ATG GTG GAG GTC AGC CAG TTC CAG GAG

71

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:

(B) TYPE:
(D) TOPOLOGY:

amino acid
linear

(11) MOLECULE TYPE: proteilin

(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: predicted amino acid coding seguence

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:22:

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:23:

(A) NAME/KEY: CDS
(B) LOCATION:

2..286

90 amino acids

of SEQ ID NO:21 (HuIFNtaué).

5,942,223

—continued

Leu
Glu
Cys

60

Gly

Leu

Glu Met Val Glu Gly Gly Gln Leu Gln Glu Ala
5 10
Leu His Lys Met Leu Gln Gln Ser Phe Asn
20 25
Ser Ser Ala Ala Trp Asp Thr Thr Leu Leu
35 40
Leu His Gln Gln Leu Asp Asp Leu Asp Ala
50 55
Gly Glu Glu Asp Ser Ala Leu Gly Arg Thr
70 75
Lys Ser Tyr Phe Gln Gly Ile His Ile Tyr
85 90
Ser Asp
INFORMATION FOR SEQ ID NO:23:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 288 base pailrs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(11) MOLECULE TYPE: cDNA to mRNA
(111) HYPOTHETICAL: NO
(1v) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: HulFNtau7/
(ix) FEATURE:

Gln

Phe

Gln

45

Leu

Pro

Gln

Ala

His

30

Leu

Gly

Thr

Glu

Tle
15

Thr

Gln

Leu

Lys
95

Ser

Glu

Thr

Val

Ala

80

Gly

GCC CAG GCC ATT

Gln Glu Met Val Glu Val Ser Gln Phe Gln Glu Ala Gln Ala Ile

TCT
Ser

GAG
Glu

ACT
Thr

TTG
Leu

GCC
Ala

1

GTG
val

CGC

GGA
Gly

ACT
Thr
65

GTG
val

CTC
Leu

TCC
Ser

CTC
Leu
50

GGA
Gly

AAG

CAT
His

TCT

Ser
35

CAT

His

GAG
Glu

AGC
Ser

GAG
Glu
20

GCT
Ala

CAG
Gln

GAA
Glu

TAC

5

ATG
Met

GCC
Ala

CAG
Gln

GAC
Asp

TTC
Phe

CTC
Leu

TGG
Trp

CTG
Leu

TCT
Ser
70

CAG
Gln

CAG
Gln

GAC
Asp

GAT
Asp
55

GCC
Ala

GGC
Gly

CAG
Gln

ACT
Thr
40

GAC

Asp

CTG
Leu

ATC
Tle

AGC
Ser
25

ACC
Thr

CTG
Leu

GGA
Gly

CAT
His

10

TTC
Phe

CTC
Leu

GAT
Asp

AGG
Arqg

GTC
val

AAC
Asn

CTG
Leu

GCC
Ala

ACG
Thr
75

TAC

CTC
Leu

GAG
Glu

TGT
Cys
60

GGC
Gly

CTG
Leu

TTC
Phe

CAG
Gln
45

CTG
Leu

CCC
Pro

CAA
Gln

CAC
His
30

CTC
Leu

GGG
Gly

ACC
Thr

GAG
Glu

15

FAVAVAY
Lys

CTC
Leu

CAG
Gln

CTG
Leu

AAG

46

94

142

190

238

286

72



80

GG

85

73

(2) INFORMATION FOR SEQ ID NO:24:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:

(B) TYPE:
(D) TOPOLOGY:

amino acid
linear

(11) MOLECULE TYPE: proteiln

(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: predicted amino acid coding seguence

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:24:

05 amlino acids

90

of SEQ ID NO:23 (HuIFNtau7).

5,942,223

—continued

95

288

Gln Glu Met Val Glu Val Ser Gln Phe Gln Glu Ala Gln Ala Ile Ser
1 5 10 15
Val Leu His Glu Met Leu Gln Gln Ser Phe Asn Leu Phe His Lys Glu
20 25 30
Arg Ser Ser Ala Ala Trp Asp Thr Thr Leu Leu Glu Gln Leu Leu Thr
35 40 45
Gly Leu His Gln Gln Leu Asp Asp Leu Asp Ala Cys Leu Gly Gln Leu
50 55 60
Thr Gly Glu Glu Asp Ser Ala Leu Gly Arg Thr Gly Pro Thr Leu Ala
65 70 75 80
Val Lys Ser Tyr Phe Gln Gly Ile His Val Tyr Leu Gln Glu Lys
85 90 95
(2) INFORMATION FOR SEQ ID NO:25:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 307 base pairs
(B) TYPE: nucleilc acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(11) MOLECULE TYPE: cDNA to mRNA
(111) HYPOTHETICAL: NO
(1v) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: HulFNtau4
(ix) FEATURE:

C CAG GAG ATG GTG GAG GGT GGC CAG CTC CAG GAG

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:25:

(A) NAME/KEY: CDS
(B) LOCATION:

2..307

GCC CAG GCC ATC

Gln Glu Met Val Glu Gly Gly Gln Leu Gln Glu Ala Gln Ala Ile

TCT
Ser

GAG
Glu

ACT
Thr

GTG
val

1

GTG
val

CAC
His

GGA
Gly

ACG
Thr

CTC
Leu

TCC
Ser

CTC
Leu
50

GGA
Gly

CAC
His

TCT
Ser
35

CAT

His

GAG
Glu

GAG
Glu
20

GCT
Ala

CAG
Gln

GAA
Glu

5

ATG
Met

GCC
Ala

CAG
Gln

GAC
Asp

CTC
Leu

TGG
Trp

CTG
Leu

TCT
Ser

CAG
Gln

GAC
Asp

GAT
Asp
355

GCC
Ala

CAG
Gln

ACC
Thr
40

GAC

Asp

CTG
Leu

AGC

Ser
25

ACC
Thr

CTG
Leu

GGA
Gly

10

'TTC
Phe

CTC
Leu

GAT
Asp

AGG
Arqg

AAC
Asn

CTG
Leu

GCC
Ala

ACG
Thr

CTC
Leu

GAG
Glu

TGC
Cys
60

GGC
Gly

TTC
Phe

CAG
Gln
45

CTG

Leu

CCC
Pro

CAC
His
30

CTC
Leu

GGG
Gly

ACC
Thr

15

ACA
Thr

CGC

CAG
Gln

CTG
Leu

46

94

142

190

238



GCC
Ala
80

GGA
Gly

(2)

Gln

val

His

Gly

Thr

65

Met

(2)

C CAG GAG ATG GTG GAG GGT GGC CAG CTC CAG GAG

65

ATG AAG ACG TAT
Met Lys Thr Tyr Phe

TAT AGT GAC TGC
Tyr Ser Asp Cys

100

TTC

85

GCC
Ala

75

70

5,942,223

—continued

75

CAG GGC ATC CAT GTC TAC CTG AAA GAG AAG
Gln Gly Ile His Val Tyr Leu Lys Glu Lys

TGG
Trp

INFORMATION FOR SEQ ID NO:26:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:

(B) TYPE:

(D)

amino acid
linear

TOPOLOGY ¢

(11i) MOLECULE TYPE: proteiln

(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: predicted amino acid coding seguence

102 amino acids

90

of SEQ ID NO:25 (HuIFNtaud).

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:26:

Glu Met Val Glu Gly Gly Gln Leu Gln Glu Ala
5 10
Leu His Glu Met Leu Gln Gln Ser Phe Asn Leu
20 25
Ser Ser Ala Ala Trp Asp Thr Thr Leu Leu Glu
35 40
Leu His Gln Gln Leu Asp Asp Leu Asp Ala Cys
50 55 60
Gly Glu Glu Asp Ser Ala Leu Gly Arg Thr Gly
70 75
Lys Thr Tyr Phe Gln Gly Ile His Val Tyr Leu
85 90
Ser Asp Cys Ala Trp
100
INFORMATION FOR SEQ ID NO:27:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 294 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(11) MOLECULE TYPE: cDNA to mRNA
(111) HYPOTHETICAL: NO
(1v) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: HulIFNtaub
(ix) FEATURE:

(A) NAME/KEY: CDS
(B) LOCATION: 2..292

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:27:

Gln

Phe

Gln

45

Leu

Pro

Ala

His

30

Leu

Gly

Thr

Glu

Ile

15

Thr

Arg

Gln

Leu

Lys
95

95

Ser

Glu

Thr

Val

Ala

80

Gly

GCC CAG GCC ATC

Gln Glu Met Val Glu Gly Gly Gln Leu Gln Glu Ala Gln Ala Ile

TCT GTG CTC CAC GAG ATG CTC CAG CAG AGC TTC AAC CTC TTC CAC ACA

1 5

10

15

Ser Val Leu His Glu Met Leu Gln Gln Ser Phe Asn Leu Phe His Thr

20

25

30

GAG CAC TCC TCT GCT GCC TGG GAC ACC ACC CTC CTG GAG CAG CTC CGC

286

307

46

94

142

76



Glu

ACT
Thr

GTG
val

GCC
Ala
80

GGA
Gly

(2)

His

GGA
Gly

ACG
Thr
65

ATG
Met

TAT
Tyr

Ser

CTC
Leu

50
GGA
Gly

AAG

AG

Ser
35

CAT

His

GAG
Glu

ACG
Thr

Ala

CAG
Gln

GAA
Glu

TAT

Ala

CAG
Gln

GAC

T'TC
Phe
85

77

Trp

CTG
Leu

TCT

Ser
70

CAG
Gln

Asp

GAT
Asp
55

GCC
Ala

GGC
Gly

Thr
40

GAC

Asp

CTG
Leu

ATC
Tle

INFORMATION FOR SEQ ID NO:28:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:

(B) TYPE:
(D) TOPOLOGY :

amino acid
linear

(11) MOLECULE TYPE: proteilin

(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: predicted amino acid coding seguence

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:28:

907 amlino acids

Thr

CTG
Leu

GGA
Gly

CAT
His

Leu

GAT
Asp

AGG

GTC
val
90

of SEQ ID NO:27 (HuIFNtaub).

5,942,223

—continued

Leu Glu Gln Leu

GCC
Ala

ACG
Thr
75

TAC

Leu

Glu

Cys
60

Gly

Leu

Gln Glu Met Val Glu Gly Gly Gln Leu Gln Glu Ala
1 5 10
Val Leu His Glu Met Leu Gln Gln Ser Phe Asn
20 25
His Ser Ser Ala Ala Trp Asp Thr Thr Leu Leu
35 40
Gly Leu His Gln Gln Leu Asp Asp Leu Asp Ala
50 55
Thr Gly Glu Glu Asp Ser Ala Leu Gly Arqg Thr
65 70 75
Met Lys Thr Tyr Phe Gln Gly Ile His Val Tyr
85 90
Tyr
(2) INFORMATION FOR SEQ ID NO:29:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 516 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(111) HYPOTHETICAL: NO
(1v) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: HulFNtauZ
(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 1..516
(A) NAME/KEY: Modified-site
(B) LOCATION: 115-117

(D)

TGC
Cys
60

GGC
Gly

CTG
Leu

Gln

Phe

Gln

45

Leu

Pro

45
CTG

Leu

CCC
Pro

Lys

Ala

His

30

Leu

Gly

Thr

Glu

GGG
Gly

ACC
Thr

GAG
Glu

Tle
15

Thr

Gln

Leu

Lys
95

CAG
Gln

CTG
Leu

ALAG
Lys
95

Ser

Glu

Thr

Val

Ala

80

Gly

OTHER INFORMATION: /note= “to allow expression of the
encoded protein this site can be modified
to encode an amino acid, e.g., Gln”

190

238

286

294

78



GAC
Asp

CTG
Leu

GAG
Glu

AAC

Asn
65

CTG

Leu

GCC
Ala

ACG
Thr

TAC

GTG
val
145

TTA
Leu

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:29:

CTG
Leu

GAC
Asp

GAC
Asp

GCC
Ala
50

CTC

Leu

GAG
Glu

TGC

GGC
Gly

CTG
Leu
130

GAA
Glu

AGA
Arg

TCT
Ser

CAA
Gln

TTC
Phe
35

CAG
Gln

TTC
Phe

CAG
Gln

CTG
Leu

CCC

Pro
115

ATC
Tle

ATG
Met

CAG
Gln

ATG
Met
20

GCT
Ala

GCC
Ala

CAC
His

CTC
Leu

GGG
Gly
100

ACC
Thr

GAG
Glu

ATG
Met

ATG
Met

(2) INFORMATION

Asp

Leu

Glu

AAC
Asn

TTA
Leu

ATC
Tle

ACA
Thr

CGC
Arg
85

CAG
Gln

CTG
Leu

AAG

AGA
Arg

GAT
Asp
165

FOR

CAC
His

AGA

CCC
Pro

TCT
Ser

GAG
Glu
70

ACT
Thr

GTG
val

GCT
Ala

GGA
Gly

TCC
Ser
150

GGA
Gly

79

GTG CTG GTT

val

CTC
Leu

TAG

G TG
val
55

CAC
His

GGA
Gly

ATG
Met

CTG
Leu

TAC
Tyr
135

TTC
Phe

GAC
Asp

Leu

TCC
Ser

GAA
Glu
40

CTC
Leu

TCC
Ser

CTC
Leu

GGA
Gly

AAG
Lys
120

AGC
Ser

TC'T
Ser

CTG
Leu

vVal

CCT

Pro
25

ATG
Met

CAT
His

TCT
Ser

CAT
His

GAG
Glu
105

AGG

Arg

GAC
Asp

TCA
Ser

AGC
Ser

SEQ ID NO:30:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:

(B) TYPE:
(D) TOPOLOGY:

amino acid
linear

(11i) MOLECULE TYPE: proteiln

(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: predicted amino acid coding seguence

(ix) FEATURE:

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:30:

(A) NAME/KEY: Modified-site

(B) LOCATION:

(D) OTHER INFORMATION: /note= “where Xaa a selected amino
for example,

acild,

Leu Ser Gln Asn

Asp

Asp

Ala
50

Gln

Phe
35

Gln

Met
20

Ala

Ala

5

Arg

Leu

Tle

39

GGC
Gly
10

CGC
Arg

GTG
val

GAG
Glu

GC'T
Ala

CAG
Gln
90

GAA
Glu

TTA
Leu

TCA
Ser
170

171 amino acids

Gln”

AGG
Arqg

TTT
Phe

GAG
Glu

ATG
Met

GCC
Ala
75

CAG
Gln

GAC
Asp

'TTC
Phe

GCC
Ala

ATC
Tle
155

CCT
Pro

of SEQ ID NO:29 (HulFNtauZ2).

5,942,223

—continued

GGC
Gly

CTC

Leu
60

TGG

Trp

CTG
Leu

TCT
Ser

CAG
Gln

TGG
Trp
140

AGC
Ser

TGA

His Val Leu Val Gly Arg Lys

Arg Leu Ser

Pro Xaa Glu

40

Ser Val Leu

55

Pro
25

Met

His

10

Arg Phe Cys

Val Glu Gly

Glu Met Leu

60

AAC
Asn

CTG
Leu

GGC
Gly
415

CAG
Gln

GAC

GAC
Asp

GCC
Ala

GGC
Gly
125

GAA
Glu

TTG
Leu

Asn

Leu

Gly
15

Gln

CTC
Leu

CAG
Gln

30
CAG
Gln

CAG
Gln

ACC
Thr

AAC
Asn

CTG
Leu
110

ATC
Tle

ACC
Thr

CAA
Gln

Leu

Gln
30

Gln

Gln

AGG
Arqg

15
GAC
Asp

CTC
Leu

AGC
Ser

ACC
Thr

CTG
Leu

95
GGA
Gly

CAT
His

GTC
val

GAA
Glu

Arg
15
Asp

Leu

Ser

CTC
Leu

AGA

CAG
Gln

TTC
Phe

CTC

Leu
80

GAT
Asp

AGG
Arg

GTC
val

AGA

AGG
Arg
160

Leu

Arg

Gln

Phe

48

96

144

192

240

288

336

384

432

480

516

30



Asn
65

Leu

Ala

Thr

vVal
145

Leu

Leu

Glu

Gly

Leu
130

Glu

Phe

Gln

Leu

Pro

115

Tle

Met

His

Leu

Gly

100

Thr

Glu

Met

Met

Thr
Arg
85

Gln

Leu

Arg

Asp
165

(2) INFORMATION FOR

ATG
Met

GGC
Gly

GTT
vVal

CTT
Leu

ATG
Met
65

CAC

His

TCT
Ser

CAT
His

GAG
Glu

Glu

70

Thr

val

Ala

Gly

Ser

150

Gly

31

His
Gly
Met
Leu
Tyr

135

Phe

Ser

Leu

Gly

Lys

120

Ser

Ser

Leu

Ser

His

Glu

105

Arg

Asp

Ser

Ser

SEQ ID NO:31:

(1) SEQUENCE CHARACTERISTICS:

(11)
(iii)
(1v)

(vi)

(1x)

(x1)

GCC
Ala

CCG
Pro

GGC
Gly

CGC
Arg
50

GTG
val

GAG
Glu

GC'T
Ala

CAG
Gln

GAA
Glu

(&)
(B)
(C)
(D)

TYPE:
STRANDEDNESS @
TOPOLOGY ¢

LENGTH: 588 base pairs
nucleilc acid

double
linear

Ala

Gln

90

Glu

Leu

Ser
170

MOLECULE TYPE: DNA (genomic)

HYPOTHETICAL: NO

ANTI-SENSE: NO

ORIGINAL SOURCE:

(C) INDIVIDUAL ISOLATE:

FEATURE :
(A) NAME/KEY: CDS
(B) LOCATION:

l1..588

SEQUENCE DESCRIPTION:

TTC
Phe

GGA
Gly

AGC

Ser
35

TTC
Phe

GAG
Glu

ATG
Met

GCC
Ala

CAG
Gln
115

GAC
Asp

GTG
val

GGA
Gly
20

CAG
Gln

TGT

GGT
Gly

CTC
Leu

TGG
Trp
100

CTG

Leu

TCT
Ser

CTC

Leu
5

TCC
Ser

AAC
Asn

CTG
Leu

GGC
Gly

CAG
Gln
85

GAC

Asp

GAT
Asp

GCC
Ala

TCT
Ser

CTG
Leu

CTC
Leu

CAG
Gln

CAG
Gln
70

CAG
Gln

ACC
Thr

GAC
Asp

CTG
Leu

CTA
Leu

GAC
Asp
55

CTC
Leu

AGC
Ser

ACC
Thr

CTG
Leu

GGA
Gly

CTC
Leu

TGT

CTC

Leu
40

AGA

Arg

CAG
Gln

TTC
Phe

CTC
Leu

GAT
Asp
120

AGA

ATG
Met

GAC
Asp
25

CTG
Leu

GAG
Glu

AAC
Asn

CTG
Leu
105

GCC
Ala

ACG
Thr

GCC
Ala
10

CTG

Leu

GGC
Gly

GAC
Asp

GCC
Ala

CTC

Leu
90

GAG
Glu

TGC

GGC
Gly

Ala
75

Gln

Asp

Phe

Ala

Tle

155

Pro

HuIFNtau3i

SEQ ID NO:31:

CTG
Leu

TCT
Ser

CAA
Gln

TTC
Phe

CAG
Gln
75

'TTC
Phe

CAG
Gln

CTG
Leu

CCC
Pro

5,942,223

—continued

Trp Asp Thr Thr

Leu

Ser

Gln

Trp
140

Ser

GTG
val

CAG
Gln

ATG
Met

GCT
Ala
60

GCC
Ala

CAC
His

CTC
Leu

GGG
Gly

ACC
Thr

Asp

Ala

Gly

125

Glu

Leu

CTG
Leu

AAC
Asn

AGG
Arg
45

TTC
Phe

ATC
Tle

ACA
Thr

CGC
Arg

CAG
Gln
125

CTG
Leu

Asn

Leu
110

ITle

Thr

Gln

GTC
val

CAC
His
30

AGA

CCC
Pro

TCT
Ser

GAG
Glu

ACT
Thr
110

GTG
val

GCC
Ala

Leu
95

Gly

His

Val

Glu

AGC

Ser
15

GTG
val

CTC
Leu

CAG
Gln

GTG
val

CAC
His
95

GGA
Gly

ACG
Thr

ATG
Met

Leu
80

Asp

vVal

Arg

Arg
160

TAC
Tyr

CTG
Leu

TCC
Ser

GAG
Glu

CTC
Leu
80

TCC
Ser

CTC
Leu

GGA
Gly

AAG

48

96

144

192

240

288

336

384

432

32



AGG
Arg
145

GAC

TCA
Ser

AGC
Ser

(2)

Met

Gly

val

Leu

Met

65

His

Ser

His

Glu

Arg

145

Ser

Ser

(2)

TCA
Ser

TCA
Ser

TTC
Phe

GCC
Ala

ACC
Thr

CCT
Pro
195

CAG
Gln

TGG
Trp

AGC
Ser
180

TGA

GGC ATC
Gly Ile

150

GAA ATT
Glu Ile

TTG CAC
Leu His

33

135
CAT

His

G TC
val

AAA
Lys

GTC
val

AGA

AGG
Arg

TAC
Tyr

CTG
Leu

TTA
Leu
185

INFORMATION FOR SEQ ID NO:32:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:
(B) TYPE:

amino acid
linear

(D) TOPOLOGY :

(11) MOLECULE TYPE: proteilin

(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: predicted amino acid coding seguence

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:32:

Ala Phe Val Leu Ser Leu

Pro

Gly

Arg

50

val

Glu

Ala

Gln

Glu
130

Ser

Ser

Gly

Ser

35

Phe

Glu

Met

Ala

Gln

115

Asp

Phe

Ala

Thr

Pro
195

Gly

20

Gln

Cys

Gly

Leu

Trp

100

Leu

Ser

Gln

Trp

Ser
180

Ser

Asn

Leu

Gly

Gln

Asp

Asp

Ala

Gly

Glu

Leu

Leu

Leu

Gln

Gln

70

Gln

Thr

Asp

Leu

Ile

150

Tle

His

Arqg

Arg

Asp

55

Leu

Ser

Thr

Leu

Gly

135

His

val

Leu

Cys

Leu

40

Arg

Gln

Phe

Leu

Asp

120

Arg

Val

Met

Asp

25

Leu

Lys

Glu

Asn

Leu

105

Ala

Thr

Leu

Leu
185

INFORMATION FOR SEQ ID NO:33:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 518 base pairs
(B) TYPE:

nucleilc acid

(C) STRANDEDNESS:

double

CTG
Leu

GAA
Glu
170

AGA
Arg

195 amino acids

Ala
10

Leu

Gly

Asp

Ala

Leu

90

Glu

Gly

Leu

Glu
170

Lys
155

ATC
Tle

ATG
Met

of SEQ ID NO:31 (HuIFNtau3)

Leu

Ser

Gln

Phe

Gln

75

Phe

Gln

Leu

Pro

Lys

155

Tle

Met

5,942,223

—continued

140
GAG
Glu

ATG
Met

ATG
Met

val

Gln

Met

Ala

60

Ala

His

Leu

Gly

Thr

140

Glu

Met

Met

AAG GGA

Lys

Gly

AGA TCC

Arg

GAT GGA

Asp

Leu

Asn

Arg

45

Phe

Tle

Thr

Gln
125

Leu

Ser

Gly
190

Val

His

30

Arg

Pro

Ser

Glu

Thr

110

val

Ala

Gly

Ser

Gly
190

TAT
Tyr

TTG
Leu
175

GAC
Asp

Ser

15

Val

Leu

Gln

val

His

95

Gly

Thr

Met

Tyr

Leu

175

Asp

AGT
Ser
160

TCT

Ser

CTG
Leu

Tyr

Leu

Ser

Glu

Leu

80

Ser

Leu

Gly

Ser
160

Ser

Leu

480

528

576

588

34



5,942,223
35

-continued

(D) TOPOLOGY: linear

(11) MOLECULE TYPE: DNA (genomic)
(111) HYPOTHETICAL: NO

(1v) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:

(C) INDIVIDUAL ISOLATE: HulFNtau3, mature no leader sequence
(1x) FEATURE:

CTC
Leu

AGA
Arg

CAG
Gln

T'TC
Phe

65
CTC

Leu

GAT
Asp

AGA

GTC
val

AGA
Arg
145

AGG
Arg

(2)

Arg

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:33:

GAC
Asp

CTG
Leu

GAG
Glu
50

AAC
Asn

CTG
Leu

GCC
Ala

ACG
Thr

TAC
Tyr
130

CTG

Leu

TTA
Leu

(A) NAME/KEY: CDS
(B) LOCATION:

CTG
Leu

GGC
Gly

GAC
Asp
35

GCC
Ala

CTC
Leu

GAG
Glu

TGC

GGC
Gly
115

CTG

Leu

GAA
Glu

AGA
Arg

TCT
Ser

CAA
Gln
20

TTC
Phe

CAG
Gln

TTC
Phe

CAG
Gln

CTG
Leu
100

CCC
Pro

ATC
Tle

ATG
Met

INFORMATION

CAG
Gln
5

ATG
Met

GCT
Ala

GCC
Ala

CAC
His

CTC
Leu
85

GGG
Gly

ACC
Thr

GAG
Glu

ATG
Met

ATG
Met
165

FOR

AAC
Asn

AGG

TTC
Phe

ATC
Tle

ACA
Thr
70

CGC

Arg

CAG
Gln

CTG
Leu

AAG

AGA
Arg
150

GAT
Asp

l1..518

CAC GTG CTG

His

AGA

CCC
Pro

TCT
Ser
55

GAG
Glu

ACT
Thr

GTG
val

GCC
Ala

GGA
Gly
135

TCC

Ser

GGA
Gly

val

CTC
Leu

CAG
Gln
40

GTG
val

CAC
His

GGA
Gly

ACG
Thr

ATG
Met
120

TAT

Tyr

TTG
Leu

GAC
Asp

Leu

TCC
Ser
25

GAG
Glu

CTC
Leu

TCC
Ser

CTC
Leu

GGA
Gly
105

AAG

AGT
Ser

TCT
Ser

CTG
Leu

SEQ ID NO:34:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:

(B) TYPE:

amino acid
linear

(D) TOPOLOGY:

(11) MOLECULE TYPE: proteiln

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:34:

GTT
val
10

CTT
Leu

ATG
Met

CAC
His

TCT
Ser

CAT
His

90
GAG
Glu

AGG

GAC
Asp

TCA
Ser

AGC

Ser
170

172 amino acids

GGC
Gly

CGC

GTG
vVal

GAG
Glu

GCT
Ala
75

CAG
Gln

GAA
Glu

TCA
Ser
155

TCA
Ser

AGC
Ser

TTC
Phe

GAG
Glu

ATG
Met
60

GCC
Ala

CAG
Gln

GAC
Asp

TTC
Phe

GCC
Ala
140

ACC
Thr

CCT
Pro

CAG
Gln

TGT
Cys

GGT
Gly
15

CTC

Leu

TGG
Trp

CTG
Leu

TCT
Ser

CAG
Gln
125

TGG
Trp

AGC
Ser

TG

AAC
Asn

CTG
Leu
30

GGC
Gly

CAG
Gln

GAC
Asp

GAT
Asp

GCC
Ala
110

GGC
Gly

GAA
Glu

TTG
Leu

CTC
Leu
15

CAG
Gln

CAG
Gln

CAG
Gln

ACC
Thr

GAC
Asp
95

CTG

Leu

ATC
Tle

ATT
Ile

CAC
His

AGG
Arg

GAC
Asp

CTC
Leu

AGC
Ser

ACC
Thr
80

CTG

Leu

GGA
Gly

CAT
His

GTC
vVal

Lys
160

Asp Leu Ser Gln Asn His Val Leu Val Gly Ser Gln Asn Leu Arg

5

10

15

Leu Gly Gln Met Arg Arg Leu Ser Leu Arg Phe Cys Leu Gln Asp

20

25

30

Lys Asp Phe Ala Phe Pro Gln Glu Met Val Glu Gly Gly Gln Leu

48

96

144

192

240

288

336

384

432

480

518



Gln

Phe

65

Leu

Asp

Arg

val

Arg

145

Arg

(2)

Glu

50

Asn

Leu

Ala

Thr

Tyr

130

Leu

Leu

35

Ala

Leu

Glu

Gly
115

Leu

Glu

Gln

Phe

Gln

Leu

100

Pro

Tle

Arg Met

Ala

His

Leu

85

Gly

Thr

Glu

Met

Met
165

Ile

Thr
70

Arg

Gln

Leu

Arg
150

Asp

37

Ser

55
Glu
Thr
val
Ala
Gly
135

Ser

Gly

40

Val

His

Gly

Thr

Met

120

Leu

Asp

Leu

Ser

Leu

Gly

105

Ser

Ser

Leu

INFORMATION FOR SEQ ID NO:35:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:

(B) TYPE:

amino acid
linear

(D) TOPOLOGY:

(11) MOLECULE TYPE: proteiln

(vi) ORIGINAL SOURCE:

37 amino acids

His

Ser

His

90

Glu

Arg

Asp

Ser

Ser
170

Glu

Ala
75

Gln

Glu

Ser
155

Ser

5,942,223

—continued

Met

60

Ala

Gln

Asp

Phe

Ala

140

Thr

Pro

45

Leu

Trp

Leu

Ser

Gln

125

Trp

Ser

Gln

Asp

Asp

Ala

110

Gly

Glu

Leu

Gln

Thr

Asp

95

Leu

Tle

Ile

His

Ser

Thr
80

Leu

Gly

His

Val

Lys
160

33

(C) INDIVIDUAL ISOLATE: Amino acid sequence of fragment 1-37
of SEQ ID NO:33

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:35:

Asp Leu Ser Gln Asn His Val Leu Val Gly Ser Gln Asn Leu Arg
1 5 10 15

Leu Gly Gln Met Arg Arg Leu Ser Leu Arg Phe Cys Leu Gln Asp
20 25 30

Lys Asp Phe Ala
35

(2) INFORMATION FOR SEQ ID NO:36:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: proteilin
(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: 2Amino acid sequence of fragment 34-64
of SEQ ID NO:33

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:36:

Lys Asp Phe Ala Phe Pro Gln Glu Met Val Glu Gly Gly Gln Leu Gln
1 5 10 15

Glu Ala Gln Ala Ile Ser Val Leu His Glu Met Leu Gln Gln Ser
20 25 30

(2) INFORMATION FOR SEQ ID NO:37/:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 amino acids

(B) TYPE: amino acid
(D) TOPOLOGY: linear



5,942,223
39 90

—continued

(11) MOLECULE TYPE: proteiln

(vi) ORIGINAL SOURCE:

(C) INDIVIDUAL ISOLATE: Amino acid sequence of fragment 62-92
of SEQ ID NO:33

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:37:

Gln Gln Ser Phe Asn Leu Phe His Thr Glu His Ser Ser Ala Ala Trp
1 D 10 15

Asp Thr Thr Leu Leu Glu Gln Leu Arg Thr Gly Leu His Gln Gln
20 25 30
(2) INFORMATION FOR SEQ ID NO:38:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: proteiln

(vi) ORIGINAL SOURCE:

(C) INDIVIDUAL ISOLATE: Amino acid sequence of fragment 90-122
of SEQ ID NO:33

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:38:

His Gln Gln Leu Asp Asp Leu Asp Ala Cys Leu Gly Gln Val Thr Gly
1 5 10 15

Glu Glu Asp Ser Ala Leu Gly Arg Thr Gly Pro Thr Leu Ala Met Lys
20 25 30

Arg

(2) INFORMATION FOR SEQ ID NO:39:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 32 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: proteln

(vi) ORIGINAL SOURCE:

(C) INDIVIDUAL ISOLATE: Amino acid sequence of fragment
119-150 of SEQ ID NO:33

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:39:

Ala Met Lys Arg Tyr Phe Gln Gly Ile His Val Tyr Leu Lys Glu Lys
1 5 10 15

Gly Tyr Ser Asp Cys Ala Trp Glu Ile Val Arg Leu Glu Ile Met Arg
20 25 30

(2) INFORMATION FOR SEQ ID NO:40:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: proteiln
(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: Amino acid sequence of fragment
139-172 of SEQ ID NO:33

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:40:

Cys Ala Trp Glu Ile Val Arg Leu Glu Ile Met Arg Ser Leu Ser Ser
1 5 10 15



5,942,223
91

—continued

Ser Thr Ser Leu His Lys Arg Leu Arg Met Met Asp Gly Asp Leu Ser
20 25 30

Ser Pro

(2) INFORMATION FOR SEQ ID NO:41:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: proteilin
(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: 2Amino acilid sequence of fragment 1-23
of SEQ ID NO:32

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:41:

Met Ala Phe Val Leu Ser Leu Leu Met Ala Leu Val Leu Val Ser Tyr
1 5 10 15

Gly Pro Gly Gly Ser Leu Arg
20

(2) INFORMATION FOR SEQ ID NO:42:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: proteilin
(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: 2Amino acilid sequence of fragment 1-23
of SEQ ID NO:11

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:42:

Met Ala Phe Val Leu Ser Leu Leu Met Ala Leu Val Leu Val Ser Tyr
1 5 10 15

Gly Pro Gly Gly Ser Leu Gly
20

(2) INFORMATION FOR SEQ ID NO:43:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 519 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(111) HYPOTHETICAL: NO
(1v) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(C) INDIVIDUAL ISOLATE: HuIFNtaul genomic-derived DNA coding
sequence, without leader seq.
(ix) FEATURE:
(A) NAME/KEY: CDS

(B) LOCATION: 1..519

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:43:

TGT GAC CTG TCT CAG AAC CAC GTG CTG GTT GGC AGG AAG AAC CTC AGG 48
Cys Asp Leu Ser Gln Asn His Val Leu Val Gly Arg Lys Asn Leu Arg

1 5 10 15
CTC CTG GAC GAA ATG AGG AGA (CTC TCC CCT CGC TTT TGET CTG CAG GAC 96

Leu Leu Asp Glu Met Arg Arg Leu Ser Pro Arg Phe Cys Leu Gln Asp

92



AGA

CAG
Gln

TTC
Phe
65

CTC
Leu

GAT

AGG
Arg

GTC
val

AGA
Arg
145

AGG

(2)

Arg

Gln

Phe

65

Leu

Arg

val

Arg
145

GAG
Glu
50

AAC
Asn

CTG
Leu

GCC
Ala

ACG
Thr

TAC
Tyr
130

CTG

Leu

TTA
Leu

GAC
Asp
35

GCC
Ala

CTC
Leu

GAG
Glu

TGC
Cys

GGC
Gly
115

CTG
Leu

GAA

Glu

AGA

Arqg

20

TTC
Phe

CAG
Gln

TTC
Phe

CAG
Gln

CTG
Leu
100

CCC
Pro

ATC
Tle

ATG
Met

GCT
Ala

GCC
Ala

CAC
His

CTC
Leu
85

GGG
Gly

ACC
Thr

GAG
Glu

ATG
Met

ATG
Met
165

TTA
Leu

ATC
Tle

ACA
Thr
70

CGC

CAG
Gln

CTG
Leu

AAG

AGA
Arg
150

GAT
Asp

93

CCC
Pro

TCT
Ser
55

GAG
Glu

ACT
Thr

GTG
val

GCT
Ala

GGA
Gly
135

TCC

Ser

GGA
Gly

CAG
Gln
40

GTG
val

CAC
His

GGA
Gly

ATG
Met

CTG
Leu
120

TAC

TTC
Phe

GAC
Asp

25
GAA
Glu

CTC
Leu

TCC
Ser

CTC
Leu

GGA
Gly
105

AAG

AGC
Ser

TCT
Ser

CTG
Leu

INFORMATION FOR SEQ ID NO:44:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:

(B) TYPE:

(D)

amino acid
linear

TOPOLOGY ¢

(11i) MOLECULE TYPE: proteiln

ATG
Met

CAT
His

TCT
Ser

CAT
His
90

GAG
Glu

AGG
Arg

GAC
Asp

TCA
Ser

AGC

Ser
170

172 amino acids
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—continued

GTG GAG
val Glu

GAG ATG
Glu Met
60

GCT GCC
Ala Ala
75

CAG CAG
Gln Gln

GAA GAC
Glu Asp

TAC TTC
Tyr Phe

TGC GCC
Cys Ala
140

TTA ATC
Leu Ile
155

TCA CCT
Ser Pro

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:44:

Asp Leu Ser Gln

Leu

Glu
50

Asn

Leu

Ala

Thr

Tyr

130

Leu

Asp
Asp
35

Ala

Leu

Glu

Gly
115

Leu

Glu

Glu

20

Phe

Gln

Phe

Gln

Leu

100

Pro

Tle

5

Met

Ala

Ala

His

Leu

85

Gly

Thr

Glu

Met

Asn

Arg

Leu

Ile

Thr

70

Gln

Leu

Arg
150

His

Arg

Pro

Ser

55

Glu

Thr

val

Ala

Gly

135

Ser

Val Leu Val Gly Arg

Leu

Gln

40

Val

His

Gly

Met

Leu

120

Phe

Ser

25

Glu

Leu

Ser

Leu

Gly

105

Ser

Ser

10

Pro

Met

His

Ser

His

90

Glu

Arg

Asp

Ser

Arg Phe

Val Glu

Glu Met
60

Ala Ala
75

Gln Gln

Glu Asp

Tyr Phe

Cys Ala
140

Leu Ile
155

GGC
Gly
415

CTC
Leu

TGG
Trp

CTG
Leu

TCT
Ser

CAG
Gln
125

TGG
Trp

AGC
Ser

TGA

Gly

45

Leu

Trp

Leu

Ser

Gln
125

Trp

Ser

30

GGC
Gly

CAG
Gln

GAC
Asp

GAC
Asp

GCC
Ala
110

GGC
Gly

GAA
Glu

TTG
Leu

Asn

Leu

30

Gly

Gln

Asp

Asp

Ala

110

Gly

Glu

Leu

CAG
Gln

CAG
Gln

ACC
Thr

AAC
Asn
95

CTG

Leu

ATC
Tle

ACC
Thr

CAA
Gln

Leu

15

Gln

Gln

Gln

Thr

Asn

95

Leu

Tle

Thr

Gln

CTC
Leu

AGC
Ser

ACC
Thr
80

CTG
Leu

GGA
Gly

CA'T
His

GTC
val

GAA
Glu
160

Asp

Leu

Ser

Thr

80

Leu

Gly

His

Val

Glu
160

144

192

240

288

336

384

432

480

519

94
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—continued

Arg Leu Arg Met Met Asp Gly Asp Leu Ser Ser Pro
165 170

It 1s claimed: lentivirus, equine infectious anemia virus, bovine 1mmuno-

1. A method of inhibiting viral replication in cells of a deficiency virus, visna-maedi virus, and caprine arthritis
subject infected with a virus, comprising encephalitis.
10 4. The method of claim 1, where said virus 1s a DNA
VIIus.
5. The method of claim 1, wherein said virus 1s human

immunodeficiency virus (HIV).
6. The method of claim 1, wherein said virus 1s hepatitis-B

administering ovine or bovine interferon-tau to the subject
in an amount effective to 1inhibit viral replication within
said cells and which 1induces a chance 1n white blood
cell count 1n the subject which 1s less than the change
in white blood cell count which would be induced in the .

VIrus.
subject by an amount of interferon-alpha having the 7. The method of claim 1, wherein said virus 1s hepatitis-C
same viral inhibition effect. VITUS.
2. The method of claim 1, where said virus 1s an RNA 8. The method of claim 1, where said mterferon-tau has
VIrus. the amino acid sequence presented as SEQ ID NO:2.

3. The method of claim 2, where said virus 1s selected 20
from the group consisting of feline leukemia virus, ovine £ % % k%
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